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PHMHOCTH Tp SKCIIyaTaluMun Tpy30NObeEMHBIX 
MalllwH WM MexaHW3MoB B Poccuu. IlpuBoyatca 
CTaTHCTHKa HeECYACTHBIX CILy4aeB HU CMepTeJIbHbIX 
TpaBM Ha IIOJ(bEMHBIX COOPyxKeHHAX, a TaKxKe 
JJaHHbIe 110 AaBAPHMHOCTU Tpy301ObEMHBIX Ma- 
muH (I TIM). B mpomecce aHamu3a aHHbIx UCc- 
TOJIb30BaIMCbh AJITOPHTMbI MHTePNOJANHU, 3as10- 
XKCHHbIC B MATeEMATHYeCKOe TporpaMMHoe obec- 
lreyeHue. B pe3yibTaTe MOJeIMpOBaHHA IIpOrHo- 
3a Ha OBM onpeyesaroTca HHTepBasIbI BPeEMeHH, 
jaroulue Oonee TOYHBIe JaHHble B OTHOIMCHHH 
JMHAMUKU SKCIUTyaTallwu aBTOKpaHOB C HCTeK- 
IUMM CpOKOM cuyKObI HU KOodpdunMeHTa CMep- 
TeJIbHOrO TpaBMaTH3Ma Ha 1000 kpaHos. Takxe 
aAHANIM3MpYFOTCA IepCHeKTHBHbIe MeTOJIbI Mpo- 


THO3a JIA asIbHeMINen HAayYHO paoortHl. 


KuroueBble CJIOBa: aHasiv3, IpOrHo3, TpaBMa- 
TH3M, Ipy3010J{bEMHbIe MallIMHbI UW COOPyKeHHA, 
a9kcTpanonsuua, MathCAD. 


Bpejenne. B Haliie ctpaHe Oo IUI0e BHUMA- 
Hue yJlesIAeTCA BOMpOCcaM IIPOMBIMIIeHHOM Oe3- 
omacHoctTu: B 1997 roxy mpuHAT 3aKOH «O TIpo- 
MBILMWICHHOWM Oe30NMaCHOCTH OMaCHbIxX IIpOu3BO]- 
CTBCHHBIX OOBCKTOB», YTBepxKJICHbI HOPMBbI U 
ipaBwia B OOWACTH MpPOMBILINIeCHHOM Oe30macHo- 
cru [1, 2]. B Hacrosmjee BpeMa UMeeTcCA WOCTAa- 
TOYHO OObUIOe KOJIMYeECTBO Hay4HBIX paooT, 10- 
CBAIICHHBIX aHaIM3y CTaTMCTHKH aBapui u 
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accidents in the operation of hoisting machinery 
in Russia. The paper provides the statistics on 
accidents and fatal injuries on hoisting devices, 
as well as data on the accident rate of hoisting 
machines (HM). In the process of data analysis, 
interpolation algorithms embedded in the math- 
ematical software are used. As a result of com- 
puter simulation of the prediction process, time 
intervals are determined, which give more accu- 
rate results of the prediction in relation to the 
dynamics of operation of autocranes with the 
expired service life and the coefficient of fatal 
injuries per 1000 cranes. In addition, the analysis 
of perspective prediction methods for further 
scientific work is given. 

Key words: analysis, prediction, injuries, hoist- 


ing machinery and constructions, extrapolate, 
MathCAD 


Introduction. In our country, much attention 
is paid to industrial safety: the law "On industrial 
safety of hazardous production facilities" was 
introduced in 1997, the rules and regulations in 
the field of industrial safety were approved [1, 
2]. Currently, there is a large number of scien- 
tific papers, in Russia as well, devoted to the 


analysis of emergencies and accidents statistics 
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HeCUacTHbIX CIy4aeB IPH IKCIVIyaTaluu pa3sM4- 
HbIxX T'IIM, B Tom uucse u B Poccun [3, 4]. Ux 
ABTOPHI IIpelararoT UCIOJIb30BaTb MaTeMaTH4e- 
CKOe MOJIeIMpOBaHHe KaK HMHCTPYMeHT CO3aHuA 
ayIeKBaTHOH MOJIeIM JIA MpOrHO3HpOBaHuA 4HC- 
la aBapHH WM HECUACTHBIX CJIydaes. 

OyHako lpakTW4ecKH HeT UCCIesOBaHUuH, rye 
ObLIM Obl HaleHbI KOPpesAIMOHHbIe 3aBMCHMO- 
CTH, C IIOMOILbIO KOTOPBIX 10 KpuTeputo IIupco- 
Ha (KOIPMHIUMEHT KOppes ALM) MOXKHO OBO OBI 
YCTaHOBHTb IIPH4MHHO-CJICJICTBCHHBIe CBA3H C 
aBapUAMUM UW TpaBMaTH3MOM. 

Co3qjaHve MaTeMaTH4ecKOM MOJIeIM, C TOMO- 
I[bIO KOTOPOM MOXKHO OCYIIeCTBUTb MpOrHo3upo- 
BaHHe aBapHMHOCTH WM HeECYaCTHBIX CJly4aeB, 103- 
BOJMT KOHTpouMpyrouleMy opraHy (PoctTex- 
Ha30py) pa3pabaTbIBaTbh MW OCYIICCTBIATb Mepbl 
B OOacTH OOeCHe4eHHA TIPOMbIMUIeCHHONM 6e3- 
ONWacHOCTH jJIX MpesOTBpallleHuA aBapun U 
HeCUaCcTHbIX CJly4aeB Ha pe MpWATHAX, SKCIUIY- 
aTupyrommx ITIM. 3ayaua, crosmlaa mepey, aBTo- 
pamu jlaHHoro UccesOBaHuA — paCCMOTPeTb 
pa3JIM4Hble MeTOJbI aHasIv3a UW WpOrHo3a aBapHuit- 
HOCTH UM [pOn3BOJCTBeHHOrO TpaBMaTH3MAa, 
IIpeCTaBUTb UCIOUb3yeMOe TIporpaMMHoe obec- 
eueHve, IIPpOBeCTH MpOrHo3Hble pacueTbI JMHa- 
MUKM 9KCIIyaTauMH aBTOKpaHOB C UCTeCKINIMM 
CPOKOM CJIyXKObI HW BbIABUTb MpOrHo3s KOIMMuIH- 
CHTa CMepTeJIbHOTO TpaBMaTH3Ma Ha 1000 xpa- 
HOB Ha 10 met — yo 2025 roga. PesybTaTbl mpo- 
BeJCHHOrO UCCJICOBAaHHA MOTyYT aTb B OyyUIeM 
BO3MO2%KHOCTh OCYIICCTBIATb IpOrHosHpoBaHue 
ciyuaeB TpaBMaTH3Ma, 3TO MO3BOJIMT OCYIIeCTB- 
ATb MepbI 10 IIpeOTBpalleHHtO aBapuiit, JIMKBU- 
WalluMl HECUACTHBIX CIry4aes. 

OcHOBHaN 4acTb. Ona 43 HeraTHBHbIX CTO- 
POH B CYyIecTByrOlleH MpoOsemMe TpaBMaTH3Ma U 
aBapHMHOCTH TpW SKCIyaTaluu rpy30no0bem- 
HbIX MallIMH MW Me€XaHv3MOB B Poccuu — 9TO CTa- 
peHve lapkKa Ipy30NObeMHBIX MallIHH. Jen- 
CTBUTeIbHO, B 1990-x rogax B P® coxpatTusocs 
KOJIMYeECTBO BbIITYCKaeCMbIX OTCYCCTBCHHBIX Kpa- 
HOB, @ 4HMCJIO SKCIIyYaTHUpyeMbIX KpaHOB 3apy- 
O@xKHEIX TPpOH3BOJMTeIeH ObIIO HH4YTOXKHO Ma- 
JIBIM (puc.1). 
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in the operation of various HM, [3, 4]. Their au- 
thors propose to use mathematical modeling as a 
tool for creating an adequate model for predict- 
ing the number of emergencies and accidents. 

However, there are practically no studies 
where correlations were found, with the help of 
which, according to Pearson's criterion (correla- 
tion coefficient), it would be possible to estab- 
lish cause-and-effect relationships with accidents 
and injuries. 

The creation of a mathematical model, which 
can be used to predict emergencies and acci- 
dents, will allow the Supervisory Authority 
(Rostekhnadzor (Federal Service for Environ- 
mental, Technological and Nuclear Oversight of 
Russia) to develop and implement measures in 
the field of industrial safety to prevent emergen- 
cies and accidents at enterprises operating HM. 
The task for the authors of this study is to con- 
sider various methods of analysis and prediction 
of accidents and industrial injuries, to present the 
software used, to make predictive calculations of 
the dynamics of operation of cranes with the ex- 
pired service life and to identify the prediction of 
fatal injuries coefficient per 1,000 cranes for 10 
years — until 2025. The results of the study can 
provide an opportunity in the future to predict 
the occurrence of injuries, it will allow you to 
implement measures to prevent emergencies, 
eliminate accidents. 

Main part. One of the negative sides in the 
existing problem of injuries and accidents in the 
operation of hoisting equipment in Russia is ag- 
ing of the lifting machines fleet. Indeed, in 1990- 
ies in the Russian Federation, the number of 
produced domestic cranes reduced, and the 
number of operated cranes of foreign manufac- 


turers was negligible (Fig.1). 
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Puc. 1. JwHamMuka CHYDKCHMA KOJIMYECTBA SKCIIIYATHPyeMBIX KpaHoB B Poccun 


Fig. 1. Dynamics of decrease in the number of operated cranes in Russia 


IIpoOmema ycyryOlsetca Tem, 4TO B PO, no 
JJaHHbIM |’ocKomMctTata P®, c cepeynupr 1990-x 
mo 2008—2009-x roqOB pe3KO BbIPOCcIO 4HCIIO 
TTIM c uctexmmm cpoxom ciryxOpsr. [Ipuuuna 
9TOrO KpOeTCA B TOM, 4TO CTpaHa 2%KUIa 3a CUET 
pecypca, HaKOMJIeEHHOrO B COBeETCKOe BPeMA, KO- 


ra OTeyecTBeHHbIM npon3sBoqutTetb TIIM 
CIIpaBJIAJICA C IpOM3BOJCTBCHHBIMM HyKaMu 
(puc. 2). 


Haunnaa c 2009-2010 ronoB no HacTosntee 
BPeMA CHTyallMA HECKOJIbKO W3MeHMJacb. Kosmn- 
yecTBo I'IIM, y KOTOpBIX HCTEK CpOK CJTy2KOBI, He 
CHWKaJIOCb, CTaJIO CTaOWJIbHbIM (puc. 2, 3) 3a 
CcyuéT Mpexye BCero 3aKyNOK KpaHos UH IIC 3apy- 
OexKHOrO Npou3BOCTBa. AHasIM3 CTATHCTH4eCKHX 
JJaHHBIX 110 TpaBMaTu3My 3a 2009-2015 rr. moKa- 
3bIBaeT, YTO HaOsJIIOMAaeTCA TeHACHIWMA pocta Kak 
aBapHMHHOCTH, TaK HW CMepTeJIbHOrO TpaBMaTH3Ma 
IIpH 9KcWIyaTalwu MOXbeMHBIX COOpyxKeHuH 
(IC) Ha onacHbIxX MpOW3BOJICTBCHHBIX OObeKTAX 
(OTTO) (puc. 4, 5). 
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The problem is exacerbated by the fact that in 
Russia, according to the State Statistics Commit- 
tee, the number of HM with an expired service 
life sharply increased from the mid-1990s to 
2008-2009-1es. The reason for this lies in the fact 
that the country lived at the expense of the re- 
source accumulated in Soviet times, when the 
domestic manufacturer of HM coped with the 
production needs (Fig. 2). 

From 2009-2010 to the present day, the situa- 
tion has changed somewhat. The number of HM 
that have the expired service life has not de- 
creased, but has become stable (Fig. 2, 3) primari- 
ly due to the purchasing of foreign cranes and 
hoisting devices. The analysis of statistical data 
on injuries for 2009-2015 shows that there is a 
tendency of growth of both accidents and fatal 
injuries in the operation of hoisting devices (HD) 
at hazardous production facilities (HPF) (Fig. 4, 
5). 
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Puc. 2. J[uHamuka dKCIislyaTallMu OallleHHbIxX KpaHOB C MCTeKIIIMM CpOKOM CJIy?KOBI 


Fig. 3. Dynamics of operation of autocranes with the expired service life 
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Fig. 3. Dynamics of operation of autocranes with the expired service life 
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Fig. 4. Dynamics of emergencies and accidents in the operation of HD 
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Fig. 5. Dynamics of fatal injuries in the operation of HD 
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Mcnomb30BaHne PHcK-OpveHTUpOBaHHOro 
WouxXoya pH oOpranvu3zauuu LocysapcTBeHHOTo 
KOHTpOJIA WH Hagz30pa 3a COOUIOWeEHHeEM TpeOoBa- 
HHM MpOMBILNICHHOM Oe30MaCHOCTH Tp IKCIIIY- 


OO C HC 
K COKpalljeHHtO Ha TOT TepHO YCIa MWIaHOBBIX 


aTalluu IIPHBeIO 
IIPOBepOK, IIPpOBOAHMBIX PocTexHayi30pOM B OT- 
HOWMeHHH OpraHH3alvi,  9dKCIWTyaTMpyrollux 
OO. Tak, no uToram mpoBeyzeHHon B 2013 r. 
Tepepeructpauuu OIIO c mpucBoeHuem xkiracca 
onacHocTu oKoNO 92% Bcex OIIO c IIC Obiuim 
OTHeceHBI K IV Kylaccy OMacHOCTH, B OTHOINeCHUH 
KOTOPBIX IIPOBepKH He MpoBoATca. Takum oOpa- 
30M, c 2013 roga orpomHoe kKosmuyectTBO JIC He- 
CKOJIBKO JICT ABJIAUIOCb He MOJKOHTPOJIbHbIM Foc- 
yapCTBeCHHbIM HaJi30pHbIM OpraHaM. Kpome To- 
TO, H3MeCHCHHA 3AKOHOAaTeJIBCTBa B YACTH BBIBO- 
a MTOR, WIaTmOpM MOJbeCMHBIX WIA WHBAsIN- 
JOB MU 9CKallaTOpOB BHE MeTPONOJIMTeHOB 3 Ka- 
TeropnHu OIIO takxe noBmuaOo Ha ocladseHHe 
Hay30pa 3a 9THMH OOBeEKTaMH CO CTOpOHEI Po- 
cTexHay30pa. JlaHHbIi dakTOp ycyryOus u 6e3 
TOrO CJIOKHYIO CHTyalMto c OOecrIeyeHHeM 6¢e3- 
onacHocTu mpu sKcrtyaramuu TIIM u IC B Poc- 
cuu. 

B pe3ylbTaTe BJIaJeJIbI[bI MOJbeEMHbIX COOpy- 
2KCHUM WpakTH4ecKH Ha 3AKOHHbIX OCHOBAHHAX He 
BKJIa{bIBAalOT CpeJICTBa He TOJIbKO Ha TEXHH4eCKOe 
TlepeBoopyxkeHve, HO HU Ha TOIepxKaHve U3HO- 
ICHHOrO WapKa TOJbeEMHBIX COOPpyKeHHM B HC- 
IIpaBHOM COCTOAHHM, a TakxKe Ha COJepxKaHHe B 
WiTaTe KBaJIMMUIMpOBAaHHOrO OOCJIy2KUMBAIOM[ero 
llepcoHayia WU cllemMarucTtos. JlanHoe oOcTos- 
TeJIbCTBO HEJIOMYCTHMO UM BeyIeT K POCTy aBapui- 
HOCTH MW TpaBMaTH3Ma IIpH SKCIIIyaTauMu rpy3o0- 
TIOJ,bEMHBIX MallIMH M M€XaHH3MOB B Poccun. Pe- 
3YJIbTaTbI TAKOM MOJIMTHKU TpUBeyT K pocty 4uCc- 
la aBapH MW HECUACTHBIX CJLy4aes. 


Oomtee 2Ke cCHwpKeHMe c 1995 rona HeCc4dacTHBIXx 
Cly4yaeB CO CMePTeJIbHbIM HCXOJIOM OOBACHHAeTCA 
CHWKeHHeM OOUIero KOUMY4eCTBAa 9IKCIULyaTupye- 
MBIX ITIIM Bs Poccuu. KommuectBo aBapui mpu 
OKCIIyaTallun KpaHoB B Poccuu coctapisaer oT 40 
no 60 B roy (puc. 6). ABapuu exKeroyqHO TIpHBOAT 
K 90-100 cMepTeJIBHBIM HeCuaCcTHbIM CJIy4adM Ha 
ipou3BoyctBe. IIpeycraBpieHHbie JaHHble BeCbMa 
YCTOMUMBBI. 
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The use of a risk-based approach in the organ- 
ization of state control and supervision over the 
compliance of industrial safety requirements in 
the operation of HPF with HD led for that period 
to the reduction in the number of planned inspec- 
tions conducted by Rostechnadzor for organiza- 
tions operating HPF. Thus, according to the re- 
sults of the re-registration of HPF in 2013 with 
the assignment of the hazard class, about 92% of 
all HPF with HD were assigned to the IV hazard 
class, in respect of which no inspections are car- 
ried out. Thus, since 2013, a huge number of HD 
has not been controlled by the State Supervisory 
Authorities for several years. In addition, changes 
in legislation regarding the withdrawal from the 
HPF category of elevators, lifting platforms for 
disabled people and escalators, that are not used 
in metro also contributed to the weakening of the 
Rostekhnadzor supervision over these objects. 
This factor has aggravated the already difficult 
situation with ensuring safety in the operation of 
HM and HD in Russia. 

As a result, the owners of lifting facilities 
practically legally do not invest in technical re- 
equipment, as well as they do not maintain in 
good condition the worn-out park of lifting facili- 
ties, and maintain a staff of qualified service per- 
sonnel and specialists. This circumstance is unac- 
ceptable and leads to an increase in accidents and 
injuries in the operation of lifting machines and 
equipment in Russia. The results of this policy 
will lead to an increase in the number of acci- 
dents. 

The overall decrease since 1995 in fatal acci- 
dents is due to the decrease in the total number of 
HD operated in Russia. The number of accidents 
during the operation of cranes in Russia is from 
40 to 60 a year (Fig. 6). 90-100 accidents are fol- 
lowed by death at work each year. The data pre- 


sented are very stable. 
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IIpwunHbl aBapHii, Kak W3BeCTHO, JeuIATCA Ha 
TeXHHYecKHe UW OpraHH3allMOHHble. CyeytyeT 3a- 
MeCTHTb, 4TO OObIIe NONOBMHbI (60%) aBapuit 
IIPOMCXOJUT MO TeXHH4eCKHM IIpH4ynHaM, B OC- 
HOBHOM 413-34 He€YJOBJICTBOPUTeJIbHOrO COCTOS- 
HHA TEXHHYeECKUX ycTpouicTB (30%), u3-3a IpH- 
OopoB Oe3sonacHocTu (15%) u HapylieHua TexHO- 
NOTHH Tpou3BoycTBa padot (25%). Bsicoxkum 
OCTaeTCA KOJIMYeECTBO aBapuii 10 OpraHu3allHoH- 
HbIM WpH4unHam (40%). 








The causes of accidents, as you know, are di- 


vided into technical and organizational. It should 
be noted that more than half (60%) of accidents 
occur for technical reasons, mainly due to unsatis- 
factory condition of technical equipment (30%), 
due to safety devices (15%) and violations of the 
technology of work (25%). The number of acci- 
dents due to organizational reasons remains high 
(40%). 
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Puc. 6. Kosmmuectso apap Tpy30MOXbeMHBIX KpaHoB B Poccun 


Fig. 6. Number of accidents of hoisting cranes in Russia 


Ha puc. 7 lipeacTaBsleHo paciipeyesIeHve 4C- 
la CMePTeJIBHBIX TpaBM IIPH 9SKCIIJIyaTauMUu pa3- 
JMUHBIX BHUTOB ITIIM, 3TH ZaHHbIe CBHYyeTEeIIb- 
CTBYFOT O TOM, 4TO CaMasx BbICOKaA ABADHMHOCTB 
ObIBaeT mIpu padote OallleHHBIXx 
VW ABTOMOOMJIbHbIX KpaHos. 

CamMbIMH OacHbIMUM (akTOpaMu pu padoTe 
9THX Me€XaHW3MOB ABIIAIOTCA SKCIIyaTaluAa Wpu- 
OOpoB UM YCTpOMCTB Oe30MacHOCTH C pa3JIM4HbIMU 
neekTaMu, a TakxKe NMOBPpexTeHHA TEXHUYeECKHX 
YCTpOHCTB HU 9IeMeHTOB I TIM. 


Fig. 7 shows the distribution of the number of 
fatal injuries in the operation of various types of 
HM. These data indicate that the highest accident 
rate occurs during the operation of tower and au- 
tomobile cranes. 

The most dangerous factors in the operation of 
these mechanisms are the operation of equipment 
and safety devices with various defects, as well as 
damage to technical devices and elements of the 
HD. 
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Puc. 7. Pactipeqemenue cily4aeB CMepTeJIbBHOrO TpaBMaTH3Ma IO BUaM rpy30MOJbEMHBIX MalliMH 


Fig. 7. Distribution of fatal injuries by the type of lifting equipment 











B cpeqHeM exKeroyHO B Poccuu pu 9sKcIIya- 
TallMH TOJbeEMHBIX COOPy2KeHHH CMepTeJIbHBIe 
TPaBMBI HoyuaroT OT 96 Wo 105 4esoBeK. 

AHasIv3 CTATHCTH4eCCKHX WaHHBIx 3a 2015 ron 
TlO3BOJIAeCT CelaTb BbIBOJ, YTO CaMbIM BbICOKHH 
YPpOBeHb aBapHHHOCTH HaOsOWaeTcCA Mpu 9KC- 
liyaTaluu OalieHHbix (13 ciryaaeB) HM aBTOMO- 
OMJIbHBIX (9 cry4aeB) KpaHos (puc. 8) [5]. 


On average, from 96 to 105 people in Russia 
annually suffer fatal injuries during the opera- 
tion of lifting facilities. 

The analysis of statistical data for 2015 al- 
lows us to conclude that the highest level of ac- 
cident rate is observed in the operation of tower 
(13 cases) and automobile (9 cases) cranes (Fig. 


(8) [5]. 
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Fig. 8. Distribution of accidents by the types of hoisting machines 
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TpaBMaTu3ma Ha 1000 KpaHos B Poccuiickou De- 
epaltuu, 10 TaHHbIM PocTexHa30pa, MpecTaB- 
JICHbI Ha plc. 9 (cpeqHu KOIdulHeHT 0 Poc- 
cuu — 0,19 Ha 2014 rog) [5]. 


on 1000 cranes in the Russian Federation, accord- 
ing to the Rostekhnadzor, are presented in Fig. 9 
(the average coefficient in Russia is 0.19 for 
2014) [5]. 
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Puc. 9. Koosd@dunuent CMepTesIbHOrO TpaBMaTH3Ma Ha 1000 KpaHoB 


Fig. 9. Fatal injury rate per 1000 cranes 


Meroabi 1porno3a WH aHasn3a TpaBMaTH3- 
ma. J|aHHbie CTaTHCTHKU TpaBMaTH3Ma ABJIAFOTCA 
MHOrolapaMeTpHyeckoH MyHKIMeH Cc MpucyT- 
CTBHeM CTOXacTH4eCKHX 93IeMeHTOB. IIpu aHamu- 


3€ KOMIOHEHTOB CIyuavHbIx PyHKWMH HeoOxo- 


Methods for prediction and analysis of in- 
juries. Injury statistics are a multiparametric 
function with the presence of stochastic ele- 


ments. When analyzing the components of ran- 
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MMO UMeTB TipeyscTaBieHwve O MOrpelliHOcTu 
IIPHMCHACMBIX MeCTOJIOB pacueéTa, a TaKxKEe paciio- 
naratb 93@®eKTHBHbIM aJIFOPHTMOM IIpoBepKu 
JIAHHBIX Ha aJIeKBaTHOCTb MpOrHO3HpyeMBbIx 3Ha- 
4eHUH. 

IIpu oOpadotTke cTaTHCTHKH B aHHOW oOsa- 
CTH MCIOJIb3YIOTCA CHeYIOMMe MeTOJIBI: 

1. IIpegqcka3anHue (9kKcTpanolauua) BeKTOpa 
JAHHBIX C HCIHOJb30BaHHeM CliellMasIbHOrO Tpo- 
TpaMMHoro oGecneyeHua [6]. AHamuTu4eckHe 
MeTOJbI perpeccHOHHOrO onmucaHua dyHKUMi 
TpaBMaTH3Ma B Bue NOWyIMUMpMYecKHx Mop- 
MYII. 

2. Metoybl, CBa3aHHbIC C aHasiu30M (dpak- 
TaJIbHbIX Ppa3MepHOCTeH, NPUBIICUeHHbIe 3 Teo- 
puu CHIrHasIOB, COsepxKallux B CBOeM ONMCaHuH 
cyuavHble coctapiaromme | 7]. 

3. Tpynma MeToyoB, aHalM3upyrollad cTaH- 
JapTHble WU clielMaibHble CTaTHCTM4eCKHe Xapak- 
TepHCTHKU BbIOOpKU (cpeaqHee apudMeTuyeckKoe, 
TeOMeTpHYeCcKOe, TAaPMOHHYECKOe B3BeIIeHHOE, 
KOIPMUIUMEHT KOppesaluu, Moenb Ilyaccona, 
KOIPMUIMEHT R’u T..) [8, 9]. 

4. AnasmM3 epeBa COObITHH — asIrOpuTM T0- 
CTPOCHHA TOCIeOBAaTeJIbHOCTH COObITHH, HCXO- 
JAMMX M3 OCHOBHOLO COObITHA (aBapuiiHad CUTy- 
alld) Ha OCHOBaHHH KOTOPOrO MO2%KHO paccyH- 
TaTb BEPOATHOCTH BepIIMHHbIX COOBITHH pa3sH4- 
HbIX CHTyallMH. 

IIpu aHasmm3e JaHHbIX MCIOIb30BaICA MaTeMa- 
THYeckHH nakeT MathSoft MathCAD (puc.10). 
OcHOBHad UCHOb3yeMad PYHKIHA predict (v, m, 
n). Ita PYHKUMA UCHOUb3yeT TPH OllepaHya: v — 
MCXOJHBIM BeKTOP JaHHbIX; mm — KOJMUCCTBO 
HMCXOJIHBIX NOCIICIHUX 3Ha4eHHH B BbIOOpKe, KO- 
TOpble OepyTca WIA COCTaBIIeCHHA IIporHo3a; n — 
KOJIM4eCTBO 4HCeI, OlIpesearoMlee OObEM TIpoO- 
rHo3a [6]. 


dom functions, it is necessary to have an idea of 
the error of the calculation methods used, as 
well as to have an effective algorithm for check- 
ing the data for the adequacy of the predicted 
values. 

The following methods are used to process 
Statistics in this area: 

1. Prediction (extrapolation) of data vector 
using special software [6]. Analytical methods 
of regression description of injury functions in 
the form of semi-empirical formulas. 

2. Methods related to the analysis of fractal 
dimensions drawn from the theory of signals 
containing random components in their descrip- 
tion [7]. 

3. A group of methods analyzing standard 
and special statistical characteristics of the sam- 
ple (arithmetic mean, geometric, harmonic 
weighted, correlation coefficient, Poisson's 
model, R’ coefficient, etc.) [8, 9]. 

4. Analysis of the event tree — an algorithm 
for constructing a sequence of events originating 
from the main event (emergency) on the basis of 
which it is possible to calculate the probability 
of apical events of different situations. 

The mathematical package MathSoft 
MathCAD was used for data analysis (Fig.10). 
The main function used is predict (v, m, n). This 
function uses three operands: v — the initial 
vector of data; m — the number of the initial last 
values in the sample, which are taken to make a 


prediction; n — the number of numbers that de- 


termine the volume of the prediction [6]. 
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Puc. 10. IIpumep skcTpanosauMM BeKTOpa JJaHHBIX C MOMOLM[bIO PYHKIMH predict (v, m, n) 


Fig. 10. An example of extrapolation of the data vector using the predict function (v, m, n) 


IIpu okcTpanonsaumu B MathCAD pacyétsri 
IIPOBOAATCA B BUTE OTAKU MpoOrHo3a, T.e. BHa- 
yale IIpOBepxeTCA alleKBaTHOe TO MOrpelliHOcTu 
KOJIM4eECTBO eT pH WporHo3e. Ilocue BEIOupa- 
eTCA TepwoO| BpeMeHH IA TporHo3a UW Ocy- 
ICCTBIIACTCA SIKCTPAalOJIANMA BeEKTOPa aHHBIX. 
IlorpelliHocTb MpoBepseTCA C IMOMOIIbIO perpec- 
CHoOHHOrO Koxpduuventa R* (oTHOMIeHHe ZuC- 
Tle-pCHH MCXOJHbIX 3HAYCHHM BeKTOpa JaHHbIX U 
IIPOBCPOUHBIX 3HAYCHMM, BEIYMCJICHHBIX JIA TOrO 
*Ke MepHoa BPeMeHN). 

Pe3yJIbTaTbI MpOrHo3sHbIx pacueros. bam 
IIpOBeJeHbI TPOrHO3HbIe pacueTbI JMHAaMUKU 
OKCIIyaTauMuW aBTOKPpaHOB C HCTeKINMM CpOKOM 
CHYKObI KaK (akTOpa, Oe3yCJIOBHO BJIMAIOMero 
Ha JMHaMUKy aBapHMHOCTH MW HeECUaCTHBIX CJIy4a- 
ep HC npu skcnayatraunu TIC, u kosdduunenuta 
CMepTeJIbHOrO TpaBMaTH3Ma Ha 1000 xkpaHoB 
(puc. 11-13). 
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2004 2006 


When extrapolating in MathCAD the calcu- 
lations are carried out in the form of debugging 
the prediction, i.e. first you check the adequate 
error in the number of years of the prediction. 
After that, the time period for the prediction is 
selected and the data vector 1s extrapolated. The 
error is verified by the R’ regression coefficient 
(the ratio of variances between the original data 
vector values and the test values calculated for 
the same period). 

Prediction Calculations Results. The au- 
thors have carried out the prediction calculations 
of the dynamics of autocranes operation with the 
expired life service as a factor that will definite- 
ly influence the dynamics of accidents and 
emergencies during operation of HD, and the 


rate of fatal injuries per 1,000 cranes (Fig. 11- 
13). 
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Puc. 11. UcxogquHaa craructuka JMHaMUKH DKCIyaTallu ABTOKPaHOB C MCTeKIIMMM CPOKOM CJLy2KOBI 


Fig. 11. Initial statistics of operation dynamics of cranes with the expired service life 
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Puc. 12. Ornaaka NporHo3a C MOMOLIbIO Kos@muuneHtTa R’: 


Fig. 12. Debugging the prediction by the coefficient R’: 


SR_VYA — cpeyHee apudMetuyeckoe OTIATOUHBIX 3HAYCHHH, B3ATHIX 13 BEKTOPA JaHHbIX 3a 2010-2014 rr., 


SR_VP — cpeyHee apudMetTuyeckoe CIPOrHO3MpOBaHHbIX 3HadeHu 3a 4 roma, DISP_ VYA, 


DISP_VP — aucnepcnu yByx aHaM3HpyeMbIx BEIOOpoK, R2 — perpeccuoHHBIl ko3xpdunuext R* (omKeH 


MOKa3bIBaTb J—10-1poleHTHOe OTHOIIECHHe) 
SR_VYA — the arithmetic average of the debug values from the data vector for 2010-2014, SR_VP — the 
arithmetic average of the predicted values over 4 years, DISP_VYA, DISP_VP — the dispersion of the two 
analyzed samples, R2 — the regression coefficient R° (should show a 5-10% ratio) 





2004 2006 2008 
VX, VXA; 


2010 2012 2014 


R2 = 0.97140470444 


Puc. 13. Ormayka mporHo3a c NOMOLIbIO KoIpdunHeuta R* vu PyHKyHH 


predict (v, m, n) MHaMMKM 93KCIUIyaTauMu ABTOKPaHOB C MCTCKINMM CpOKOM CJIy2KObI 


Fig. 13. Debugging the prediction by the coefficient R’, and function predict (v, m, n) of autocranes with 


the expired service life operation dynamics 


UcxoygHble JjaHHble Jia pacuéta Obi NpuHsA- 
TbI H3 CTATHCTUKH TO aBapHHHOCTH UM HecuactT- 
HBIM CJry4aaM pu sKcrryaTamun LIC. 

IIpu oTnagqke NporHo3a UCIOJb30BaIICA Tepu- 
OJ BPeMeHW C HaKOINICHHOKW CTaTHCTHKON aBa- 
punnoctu c 2001 mo 2014 roy. B pe3ynsrate oT- 
NaJiKU ObWIO OpeeseHO, UTO MOKa3zaTesIb N UMe- 
eT ONTHMasIbHOe 3HadeHHe, paBHoe 5 (puc. 14). 


The initial data for the calculation were tak- 
en from the statistics on accidents and emergen- 
cies during the operation of HD. 

When debugging the prediction, the period 


with the accumulated accident statistics from 
2001 to 2014 was used. As a result of debug- 
ging, it was determined that the indicator n has 
an optimal value of 5 (Fig. 14). 
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Puc. 14. Pesynptat dopMupoBaHHA OTIaKeCHHOrO NPOrHO3a AMHAMMKU SKCIIyaTallM ABTOKPaHoB C 
MCTeCKIIMM CpOKOM CJIy2KOBI C MOMOLIbIO PyHKIUMH predict Ha 10 net, BIIOTh WO 2025 rona 


Fig. 14. Result of formation of the debugged prediction of autocranes with the expired service life operation dy- 
namics by means of the predict function for 10 years, up to 2025 


IIporno3 Kooddunnenta  cMepTeJIbHOrO Prediction of fatal injuries coefficient per 
TpaBMatTu3ma Ha 1000 Kpanos Ha 10 set, 0 1,000 cranes for 10 years, until 2025. Fig.15 
2025 roga. Ha puc.15 mpeqctTaBieHbl pesyIbTaTbl shows the prediction calculation results of the 
pacuéTa MporHo3a WuHaMuKU KosdpdulMenta dynamics of fatal injuries coefficient on 1000 
CMepTeIbHOrO TpaBMaTH3Ma Ha 1000 KpaHoB Ha cranes for 10 years. As it can be seen from the 
10 net. Kak BHHO 110 pe3yIbTaTaM MporHo3a, K prediction results, by 2025 the coefficient should 
2025 romy cilenyeT OxkUaTb CHYDKEHHA KOU be expected to decrease by no more than 0.25. 


IMeHTa He Oostee dem Ha 0,25. 
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Puc. 15. IIporno3 kos@dunMenta CMepTesIbHOrO TpaBMaTu3Ma Ha 1000 kpaHos Ha 10 set: 


Z . 
a — JlaHHble cTaTucTUKU, b — oTIaKa IporHo3a 10 R*, c — s@deKTHBHbIM BAapMAaHT MporHos3a, 


d — pe3yiIbTaT mporHos3a Ha 10 eT 


Fig. 15. Prediction of fatal injuries coefficient per 1000 cranes for 10 years: 


a — statistics b — debugging the prediction on “’, c — efficient variant of the prediction, 


d — result of 10-years prediction 


KoppeJalnia COOTHOWMeHHA MeKTY 4HCJIOM 
KpaHOB C HCTeKINIMM CpOKOM CJyxKObI HW KOJIN- 
yYeCTBOM aBapui. Kooddulwenxt koppemsannu 
Ixy MO3BOUACT ONPeeIUTb CHIly JIMHEMHOM KOp- 
PeALMOHHOM CBA3H MeXxKTY CiuyyaiHbIMu COOBI- 
THAMH. M3BecTHbI CHJIbI KOPpeJIAIMOHHOM CBA3H: 
cuIbHaa — oT +0,7 0 +1; cpeaqHaa — oT +0,3 no 
+0,699; cnadaa — oT 0 qo £0,299. 

PacueT BeJIM C y4éTOM TOrO, 4TO cyyanHas 
Bem4nHa X — mpoweHnT Bua TTIM c uctrekumM™m 
CPOKOM CJIy2KOBI, a Cly4aiHad Benw4unHa Y — Ko- 
JIMUeECTBO aBAapHH COOTBETCTBYIOIUeroO Bua Kpa- 
HOB. 

Koodd®uiveHTsl Koppesailuu Ob paccuuta- 
HbI C MOMOMIbIO NakeTa MathCad, u pe3ybTarTbI 
IIpeCTaBJIeHbI Ha puc. 16. 


0,6 


0,5 


0 ABTOMOOHJIBHBIM 


04 4 
0,37 : 
0,2 
O1 | 


baliexusiii 
Automobile Tower 


Correlation of the ratio between the num- 
ber of cranes with the expired service life and 
the number of accidents. Correlation coefficient 
Ixy allows you to determine the strength of the 
linear correlation between random events. We 
know the forces of correlation: strong — from 
+0.7 to +1; medium — from +0.3 to +0.699; 
weak — from 0 to £0.299. 

The calculation was carried out taking into ac- 
count the fact that the random variable X — per- 
centage of the type of HM with the expired ser- 
vice life, and the random variable Y — the num- 
ber of accidents of the corresponding type of 
cranes. 

The correlation coefficients were calculated 
using the MathCad package and the results are 
shown in Fig.16. 
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Puc. 16. Kos@duMenTsl KoppesIAHOHHOM CBA3H Me?K LY YMCJIOM KpaHOB C HCTCKINMM CpOKOM CJIy2KOBI 


WM KOJIMYeECTBOM aBapHnu 


Fig. 16. Correlation coefficients between the number of cranes with the expired service life and 


the number of accidents 
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B ciyyae aBTroKpaHosB Koodduwuent IIupcouna 
yy = 0,524 nMonoKUTeIeH, YTO O3Ha4aeT cpel- 


HIOIO IIPAMYFO 3ABMCMMOCTb. C pOcTOM 4HCIIa aB- 
TOKpaHOB C HCTeCKIIMM CpOKOM CJIyxKObI BO3pac- 
TaeT KOJM4eCTBO aBapun. Takada xe TeHeCHIIMA 
momyyeHa WH A OallleHHBIX KpaHOB (Tyy = 
0,495). 

UtTo KacaeTca CBA3M Mey KOJIM4eECTBOM 3KC- 
IWIyaTHupyeMbIX KpaHOB HW KOJIMYeCTBOM aBapuh, 
TO OHA TaloKe CpeqHAA (Iyy = 0,54), M ee HyKHO 
YUMTBIBATB. 

KosddulueHt WOmOKUTeIeH, ITO O3HaAUaeT 
CpeXHIOIO TIpAMYy!O 3aBMCHMMOCcTb. Ecm kouMue- 
cTBo T'TIM OyaeT yMeHbIaTECA, TO MU KOJIM4ECTBO 
aBapHH COOTBETCTBEHHO TOKE. 

CreytyeT OTMETHTb, UTO MHTepec MpeycTaBsA- 
eT  BBbIABJICHHe WU Apyrnx  Mpv4nHHO- 
CJICCTBCHHbIX CBA3CM, OKa3bIBaIOIIMX BUIMAHMe 
Ha aBapHMHOCTb UW TpaBMaTH3M B ciepe mpuMe- 
HeHua TIIM. Hampumep, uHTepecHo paccMoTpeTb 
BONpoc O CHJI€ KOPpeJIAIMOHHOU CBA3H Me%KYy 
KOJIMUeCCTBOM 9KCIIIyaTHpyeMbIx B Poccnu 3apy- 
Oe2KHBIX KpaHOB HM YHCJIOM aBapuii. 


BprBonr. [l[pupeqeHa craTucTuka HecuacT- 
HbIX CJIy4UaeB HM CMCPTeJIbHbIX TpaBM Ha TOJbEM- 
HBIX COOPyKCHHAX, a TAKXKE JaHHbIe 10 aBapui- 
HOCTH rpy30lMOJBEMHBIX Malin (I'TIM). 

BsioJIHeH 0030p pa3JIM4HbIX MeETOJOB aHasIn- 
3a HM MpOrHo3a aBapHMHOCTH VU MpOu3BOJICTBeHHO- 
TO TpaBMaTH3Ma, a TakKoKe ONMCaHO UCIOJIB3yeMOe 
IIporpaMMHoe obecrieyeHue. 

B mponecce aHas3a JJAHHBIX MCIOIb3OBaJIMCh 
aNTOPUTMbI WHTepnuouwAuMH UW IKCTpAaOoAWMH, 
3aJIOXKCHHbIC B MaTeMaTHYecKOe IporpaMMHoe 
oOeclieyeHHe, KOPpesIAIMA CILY4aMHbIX BeIM4HH. 

B pe3yiIbTaTe MOJeIMpOBaHHA TIpomecca Tpo- 
THO3a Ha IBM onpeyeuatoTcA WHTepBalIbl Bpe- 
MeHH, Jlarollue Oouee TOUHbIC Pe3yJIbTAaTbI B OT- 
HOMICHHUM JMHAMUKH SKCIIyaTaluu KpaHos Cc Uc- 
TCKIIMM CPOKOM CiIyKObI UW KOIPMUUMeHTAa CMep- 
TeIbHOrO TpaBMaTu3mMa Ha 1000 kpaHos. PoctT 
KOJIM4CCTBA KPaHOB C MCTCKIUMM CpOKOM CJIyxKOBI 
coyueTaetcad c yBelmMyeHHemM xkoosddulnenta 
CMepTeJIbHOrO TpaBMaTH3Ma Ha 1000 KpaHos, 4TO 
BUOJIHE OOBACHUMO. 

PaccMoTpeHa KOppeJIAIMA COOTHOLIeCHHA UHC- 
la aBTOKpaHOB C HCTeKINMM CpOKOM CJIy2KObI U 


KOJIMYeECTBa aBapHii C HUM, BBIMHMCJICHbI KOIQ- 


p://bps-journa 





In the case of autocranes Pearson coefficient 
Txy=0.524 is positive, which means the average 
direct dependence. The number of accidents in- 
creases with the increase in the number of cranes 
with the expired service life. The same trend is 
obtained for tower cranes (1xy=0.495). 

When it comes to the relationship between the 
number of cranes in operation and the number of 
accidents, it is also average (r,y=0.54), and it must 
be taken into account. 

The coefficient is positive; it means the aver- 
age direct dependence. If the number of HD de- 
creases, then the number of accidents, respective- 
ly, too. 

It should be noted that it is of interest to iden- 
tify other cause-and-effect relationships that af- 
fect the accident rate and injuries in the field of 
HD. For example, it is interesting to consider the 
strength of the correlation between the number of 
foreign cranes operated in Russia and the number 
of accidents. 

Conclusions. The statistics on accidents and 


fatal injuries on lifting constructions, and the data 
on accident rate of hoisting devices (HD) are giv- 
en. 

The review of various methods of analysis and 
prediction of accidents and industrial injuries is 
provided, as well as the software is described. 

In the process of data analysis the interpola- 
tion and extrapolation algorithms incorporated in 
the mathematical software, correlation of random 
variables were used. 

As a result of computer simulation of the pre- 
diction process, time intervals are determined, 
which give more accurate results of the dynamics 
of cranes operation with the expired service life 
and the coefficient of fatal injuries per 1000 
cranes. The increase in the number of cranes with 
the expired service life is connected to the in- 
crease in fatal injury rate by 1,000 cranes, which 
is understandable. 

The correlation between the ratio of the num- 
ber of cranes with the expired service life and the 


number of accidents with them is considered, the 
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(DHIIMeCHTbI KOppelauMu, KOTOpbIe NoKa3au 
YCTOMYUBY!O CBA3b MEXKAY COOBITHAMH. 

JIunamuka 9KCIUIyaTalMu aBTOKpaHoOB Cc UC- 
TCKIIMM CDOKOM CJIyKObI ABIAeTCA (akTOpOM, 
BIIMAIOINMM Ha JWMHaMUKyY aBapHMHOCTH 
HeCuacTHBIX CJlydaeB pu skcnsryaTamHn TIM. 

PocT KOM4eCTBa KpaHOB C MCTeEKIIMM CPpOKOM 
CHyKObI CoueTaeTCA C yBeMYeHHeM KoodduIH- 
CHTa CMepTeJIbHOTO TpaBMaTH3Ma Ha 1000 xpa- 
HOB, 4TO BHOUHE OObACHMMO. 

HavieHbI KOppeJIAIMOHHbIe 3aBMCHMOCTH, C 
TOMOINIbIO KOTOPBIX 10 KpuTepuro IIupcona (ko- 
9PMPUUMEHT KOPpesAUHH) YCTaHOBJICHbI Tpv4H- 
HO-CJICJICTBCHHbIe CBA3M C aBapHAMUM MU TpaBMa- 
TH3MOM. Takoxe BbIABJICHa TIpH4HHHO- 
CileICTBeHHad CBA3b KOJIMYeCTBA Ipy30I0JbeM- 
HbIX MallIMH UW JHHaMuKY aBapunHocTH I IIM. 

Handosee MepcieKTHBHbIMH MeTOaMu JIA 
JJaIbHeMINerO UCCIeCOBAHMA ABIIAKOTCA Me€TOJIbI 
(ppakTaJIbHOrO HW BeHMBIIeET-aHasu3a. 

B pe3ylbTaTe poBeyeHHoro UCccIeETOBAaHuA 
OXKUTAeTCA BO3MO%KHOCTA OCYIICCTBJIICHHA IIpo- 
THO3HpOBaHHA TpaBMaTH3Ma, KOTOPOe TO3BOJIMT 
OpraHaM Haji30pa UW KOHTPOJIA COBMECTHO C COO- 
CTBeHHHKaMH I'TIM pa3padaTEiBatTb UW OCYyIIIeCTB- 
NATb MepbI TO IIpexOTBpallleHu1O aBapuit WIM 
NMKBU aun HeECYaCTHBIX CIIydaeB, KOTOPble MO- 
ryT UpoucxoyuTb B Oyzyulem. IlocmeqHee 0OcTO- 
ATCIIBCTBO IO3BOJMT KOMIA@HHAM 93KOHOMUTb 
JICHBIM Ha MeJIMIMHCKOM OOecneyeHHM UW KOM- 
TeHcauMu WOCTpayaBliuM paOoTHHKaM, UW 9TO 
OyeT BIIMATb Ha TO3HTHBHOe COlMaIbHO- 
IKOHOMHYeCKOe BOBSCHCTBHE Ha 3allluTy padorT- 
HHKOB OT TpaBM Ha paoote. 
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correlation coefficients are calculated, which 
showed a stable connection between the events. 

The dynamics of operation of cranes with the 
expired service life is the factor influencing the 
dynamics of accident rate during the operation of 
HD. 

The increase in the number of cranes with the 
expired service life is connected to the increase in 
fatal injury rate by 1,000 cranes, which is under- 
standable. 

Correlation dependences are found, with the 
help of which by Pearson's criterion (correlation 
coefficient) cause-and-effect relationship with 
accidents and injuries are established. The causal 
relationship between the number of hoisting de- 
vices and the dynamics of the accident rate of HD 
was also revealed. 

The most promising methods for further re- 
search are the methods of fractal and wavelet 
analysis. 

As a result of the study, it is expected that it 
will be possible to predict injuries, which will al- 
low the Supervisory and Control Bodies, together 
with the owners of HD, to develop and implement 
measures to prevent accidents or eliminate emer- 
gencies that may occur in the future. The latter 
circumstance will allow companies to save money 
on medical care and compensation for injured 
workers, and this will affect the positive socio- 
economic impact on the protection of workers 


from injuries at work. 
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Beedenue. B cdhepe Tpou3BOCTBeHHOM Oe30macHo- 
CTH WM OXxpaHbl Tpywa Ha poccuiickux mpexTpuaTuAx 
OTMeYAIOTCA OlIpeeIeHHble yy4WieHuaA. OHaKO Oc- 
HOBHBIe MpOOJeMbI B ITOH OONacTH TpeOyroT Oe30TIIA- 
TaTeJIbHOrO pellieHua. DUKCUPyIOTCA MHOTOUMCJICHHbIe 
Cy4an IpOU3BOJCTBCHHOrO TpaBMaTH3Ma UH mpodeccu- 
OHaJIbHBIX 3a00eBaHHH. CyllecTByroltwe CHCTeMBI 
OpraHuv3alHu WpoOn3BOCTBa He BCera COOTBeCTCTBYIOT 
TpeOOBaHHAM 3aKOHOATeIbCTBAa K Oe30lacHocTH. De- 
lepasibHad MHCHeKIMA Tpyla, WpokypaTypa u mpodco- 
FOSHbIC OPraHv3all[MH MOCTOAHHO BbIABJIAFOT (aKTHI CO- 
KPbITHA WIM UCKaKeHHA HYHDOPMAalMu O HeCUaCTHbIX 
cy4aax Ha IpOW3BOJICTBE. 

Mamepuajbi u mMemooovl. CTaTucTuka 110 TpOu3BO]- 
CTBCHHOMY TpaBMaTH3MY I1poaHasIM3HpOBaHa C TOUKH 
3PeCHHA CHCTCMHOTO aHasiv3a MW CHHTe3a, a TaK%Ke KOpP- 
peualMOHHOrTO aHamu3a. VUcromb30BaH WMHCTpyMeHTa- 
PHU MaTeMaTHYeECKON CTATHCTHKH HU JIOTMKU. 

Pe3yibmamol ucciedoeaxud. Ha mpentipuaTuax c 
BPeCJHBIMM UM (WIM) OMacHbIMM yCJIOBMAMM Tpya 0- 
CTeMeCHHO CHWKaeTCH YPOBeCHb IpOW3BOJ,CTBeEHHOTO 
TpaBMaTH3Ma UM WpodeccvoOHuasIbHbIx 3a00eBaHHH. IIpu 
39TOM OOOCTpAeTCA MpOOMeMa AOCTOBEPHOCTH HCXOJIHBIX 
JaHHBIX O TpaBMaTH3Me. MeHe>KMeHT, COOCTBCHHHKH, 
a MHOra MW WOCTpayaBlluine COTPYTHHKU He 3aMHTepeco- 
BaHbl B paciipocTpaHeHuu TOUHOM UMHOpMalMu oO 
TpaBMax, CBA3AHHbIX C BbIIOJIHEHHeM JOJDKHOCTHBIX 
oOs3aHHOCTeH. CuTyalMio ycyryOsaeT HeOcTaTOK (pu- 
HaHCHpOBaHHA: BO-IepBbIX, Y KOMMaHUH HeJOCTaTOYHO 
CpeJICTB Ha MepOlpuATHA MO OxpaHe TpyJ1a; BO-BTOPBbIX, 
PYKOBOJICTBO TibITaeTCA H30e%KAaTb WITpados. OcobeHHo 
9TO KacaeTCaA MaJIbIxX IpeszupuaTun. Ux oOopoTsi HwKe, 
a, 3HAa4HT, BbIMIe AeduluT cpeqCTB, KOTOpbIe MOXKHO 
ObIIO Obl HallpaBuTb Ha OxpaHy Tpywa. Kpome Toro, 
HeOObIUINe KOMMAHHU He 3allOJIHAIOT CTATHCTHYeCCKYIO 
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Introduction. There have been some improvements 


in the area of occupational safety and health at Rus- 
sian enterprises. However, the main challenges in 
this area need to be addressed urgently. Numerous 
cases of industrial injuries and occupational diseases 
are recorded. The existing systems of production 
organization do not always meet the requirements of 
the legislation to safety. The Federal Labour Inspec- 
torate, Prosecutor's office and Trade Union organiza- 
tions are constantly monitoring the concealment or 
misrepresentation of information about industrial 
accidents. 

Materials and Methods. The statistics on occupa- 
tional injuries is analyzed in terms of system analysis 
and synthesis, as well as correlation analysis. The 
tools of mathematical statistics and logic are used. 

Research Result. The level of industrial injuries 
and occupational diseases gradually decreases at the 
enterprises with harmful and (or) dangerous working 
conditions. The problem of the reliability of the 
source data on injuries becomes more acute in this 
case. Management, owners, and sometimes affected 
employees are not interested in spreading accurate 
information about injuries associated with the per- 
formance of official duties. The situation is made 
worse by the lack of funding: first, companies do not 
have enough funds for labor protection measures; 
secondly, the management is trying to avoid fines. 
This is especially true for small businesses. Their 
turnover is lower, and, therefore, the shortage of 
funds that could be directed to labor protection is 
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(bopmy Ne 7 «TpaBpmatu3m>>. K Tomy %e B OTHOIIeCHHU 
TaKHX OpraHH3alMi MpMMeHAeTCA JIMIIb BbIOOPOYUHbIM 
KOHTPOJIb COCTOAHHA OC30NaCHOCTH Tpya. 

OocyncdeHue u 3akiio4uenusA. Handonee 4acto He- 
OarOlnpHATHY!O C TOUKH 3PeCHHA TEXHHKU Oe30MaCHO- 
CTH CHTyal[M1O TO epxKUBAIOT ClIeXyIOWMe PakTOpEI: 
HeOcTaTOK (UHAaHCHpOBaHHA; HeEBEPHO BbICTPOeCHHbIM 
Tpaduk padoTs; yuacTue HekBasIMduuuMpoBaHHOro 
TepcoHasla B CJIOKHBIX HW OMACHbIX MPOH3BOJ{CTBCHHBIX 
ollepalluax; IKCIIyaTauMaA ycTapeBllero WIM He Tpo- 
mesuWero npodustakTuky oOOopyOBaHHA. 

C y4eToM MOJIYYeCHHBIX JAHHbIX MO%KET OBITb CO31aH 
OpraHv3al|MOHHO-9KOHOMHMYeCKHM + MeXaHv3M, 1103B0- 
JIAFOIMM UCKIIKOUNTbh UCKaxKCHUA OTYCTHOCTH MO TIpo- 
W3BOJICTBCHHOMY TPaBMaTH3My Ha OTeC4CCTBCHHBIX 


TIpeAMpuATHAX. 


KuroueBble CJI0OBa: OXpaHa Tpya, NOKa3aTesIM MpoH3- 


BOJXCTBCHHOrO TDpaBMaTH3Ma, HCCYaACTHbIC CiLydan, 
HeCdaCTHble CJlYdaw CO CMCPpTCJIBHbIM UCXOJIOM, CH- 


CTe€MHBbIM aHasIv3, CHCTeMa yIIpaBJICHHA OxpaHoH Tpysa. 


Bpejenne. CoctosHue Oe30NacHOCTH UW OXpaHBl 
Tpya Ha npewnpuaTuax Poccuuckon Deepaluu B 
TOcWe Hue TOA B WeIOM yIyulaerca: CHMKaroT- 
CA NOKa3aTeIIM MpOM3BOJICTBCHHOrO TpaBMaTH3Ma U 
IIpodeccHOHaJIbHbIX 3a00eBaHHuu [1]. OgHako 
CHellMasIMCTbI B ciepe Oe3s0nacHOcTH 2%xKu3HeeA- 
TelmbHocTu (b)KJI) cuutatoT, 4TO B Poccuu He B 
TOJIHOM Mepe pellleHbI OCHOBHBIe 3aa4uH MO Co- 
3][aHMO Oe30NaCHbIX YCIOBMM Tpya Ha Ipeswpus- 
THAX, B TOM YMCIIe MpOMbIMIeCHHbIX. CraTucTuye- 
CKHM W Hay4HbIit aHalIM3 OTKPbITbIX JaHHbIX 103- 
BOJIMJI BbIABUTb Ce YHOWMe MpoOseMBI: 

— MHOro4yncIeHHbIe Cy4an MpOn3BOJICTBeH- 
HOrO TpaBMaTH3Ma HU WpodeccHOHalIbHbIx 3a00l1e- 
BaHHH B IIPOMBIIIJICHHOCTH, CeJIbBCKOM XO3AMCTBE U 
Ha TpaHcnopte; 

— MAaCcIITaOHad MOJeCpHu3allMA MpOW3BOICTBA, 
BHeJIPeHHe HOBbIX KOHCTPyKIMOHHbIX MaTepHasiOB 
IIpH HefOcTaTOuHOH OTpaOOTKe HOPMaTHBHO- 
IIpaBOBOH JIOKYMeHTallMH TO OxpaHe Tpyyla (HH- 
CTPpyYKUMU, TEXHOJIOrM4eCKHe KapThI, PYKOBOJICTBAa 
UT. I.); 

— HEIOJIHOe€ COOTBETCTBHE CYIIeCTBYIOIINX CH- 
CTeM OpraHH3alluH TpOn3BOJICTBa TpeOoBaHHaAM 
3aKOHOaTeJIbCTBa 110 IIPOMBIMIJICHHOM Oe30lacHo- 
CTH; 

— HeCOBePpIIeHCTBO HCHOJIB3YeCMBIX MeTOMK, 
W3MECPHTeJIbHbIX TCXHOJIOTMH WU WpnHOopoB Tpon3- 
BOJICTBCHHOrO KOHTPOJIA 348 COCTOAHHCM OXpaHbl 
Tpywa. 

TakuM oOpa30m, 39ddekTHBHOM padoTe 0 co- 
30aHHtO Oe30MacHOH MpPOW3BOJCTBeCHHOM cCpeJbI 
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higher. In addition, small companies do not fill in 
Statistical Form No. 7 "Injuries". In addition, only 
selective monitoring of the state of occupational 
safety is applied to such organizations. 

Discussion and Conclusions. The most often unfa- 
vorable from the point of safety situation is support- 
ed by the following factors: lack of funding; incor- 
rect work schedule; participation of unskilled per- 
sonnel in complex and dangerous production opera- 
tions; operation of outdated or non-preventive 
equipment. 

Taking into account the received data the organiza- 
tional and economic mechanism can be created, 
which allows excluding corruptions of the reporting 
on production injuries at the domestic enterprises. 
Key words: labor protection, industrial injury rates, 
accidents, fatal accidents, system analysis, labor pro- 


tection management system. 


Introduction. The state of occupational safe- 
ty and health at Russian Federation enterprises 
has been improving in recent years: the indica- 
tors of occupational injuries and diseases have 
been decreasing [1]. However, experts in the 
field of health and safety (HS) believe that Rus- 
sia has not fully solved the main tasks of creat- 
ing safe working conditions at enterprises, in- 
cluding industrial ones. Statistical and scientific 
analysis of open data revealed the following 
problems: 

— multiple occupational injuries and diseas- 
es in industry, agriculture and transport; 

— large-scale modernization of production, 
introduction of new construction materials with 
insufficient development of legal documentation 
on labor protection (instructions, flow charts, 
manuals, etc.); 

— incomplete compliance of existing pro- 
duction management systems with the require- 
ments of industrial safety legislation; 

— imperfection of the used methods, meas- 
uring technologies and devices of industrial con- 
trol over the state of labor protection. 

Thus, effective work on the creation of a safe 
production environment is hampered by a signif- 
icant technical and methodological uncertainty 


[2]. 
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IIPeMATCTBYeT 3HAYMTeIbHAA TEXHUYeECKAA HU MeTO- 
yMuecKkad HeolpeyeueHHOcTh [2]. 

IIpou3BOJICTBeHHbIM TpaBMaTH3M MU Wpodeccno- 
HaJIbHble 3a00eBaHHA yxylaroT UW 6e3 TOrO 
CHOXKHYIO JIEMOrpaduyeckyroO CHTyalluMto B Hallie 
CTpaHe, BeYT K CYIeCCTBEHHbIM JKOHOMHYECKUM U 
(DHHaHCOBbIM HOTepAM COOCTBeCHHHKOB Ipesmpus- 
THM uM rocyfapcTBa. HeoOxoaMMo Tak?Ke OTMeTHTS, 
4TO CaHKIMH CO cTOpoHbI CoeszuHeHHpix LlTaTos 
Amepuku 4 cTpaH Esponerickoro Coro3a orpaHi- 
4HJIM BO3MO%KHOCTb HEKOTOPBIX POCCHMCKUX TIpes- 
IIpHATHM BHeAPATb TepesOBbIe TexXHOJIOrMH U 
MOJIb3OBATbCA JOCTYMHbIMUM KpesMTamMu. Kak cie]- 
CTBHe, MHOIrMe PyKOBOJMTeIM XO3AMCTBYFOMLUX 
CYObeCKTOB HCKJIFKOUMIM W3 MOBeECTKH AHA 3ajauy 
COBepIICHCTBOBaHHA CHCTeMBbI Oe30lacHOCTH Tpy- 
ma. Ecum flake MeponpuaTuaA M0 yJTy4IIeHtoO 
YCHOBHH Tpywa PuHaHCUpyrIOTcA, TO B OOJIbINIMH- 
CTBe Cily4daeB M10 OCTAaTOUHOMY MIpPHHIMIMy, 4TO 
IIPOTHBOpeyHT TpeOOBaHHAM 3aKOHOAaTeCJIBCTBA, 
perysIMpyrollero TpyOBble OTHOMeHUA. OcoOOeHHO 
9TO KacaeTCA MaJIbIX HU CpesHUX IpeqNpuATuM. 

MeylepalbHad UWHCHeKIMA Tpyta (PoctpyquH- 
CHeKIIMA), IpoKypaTypa UW Wpodcorw3Hble OpraHu- 
3al[MM TOCTOAHHO BbIABJIAKOT (PAKTHI COKPbITUA WIM 
UCKaKeHHA WHDOpMalMu, KacarlollevcA 4aCTOTHI, 
JIMHAaMUKH, Cepbe3HOCTH HeCY4ACTHBIX CJIy4aeB 
(HC) Ha nmpou3BoycTBe. CoOcTBeHHHKH U Me- 
He€JDKMCHT TIpeMpuATHM UAYT Ha 9TO, YTOOKI 3- 
OexkaTb TOCIeICTBUH (ecIM HapylleHbl lWpaBMia 
OXpaHbI Tpyla, TO B 3ABHCHMOCTH OT Cepbe3HOCTH 
IIPOMCIMIeCTBUA padoTOaTelb HeceT MaTepHalib- 
HYFO, AMMHUCTpaTuBHYy!O UJI YrOJIOBHYIO OTBET- 
CTBCHHOCTB). Takoe OTHOIMeHHe IIpenATCTByeT pe- 
anv3alvuH pelieHui 10 oOecreyeHutIo B)KJI, npu- 
HMMaeMbIX Ha TOCYyapCcTBeHHOM ypoBHe. Pa3pa- 
OoTKa ONepaTHBHBIX HW MepCleKTHBHBIX TWJIaHOB 10 
(DOpMUpoBaHutO Oe30MacHOH MpOu3BOJCTBeHHOM 
CpeJIbI OCHOBbIBaeTCA Ha CTATHCTHYeECKHX JaHHBIX. 
Ux uckaxkeHve B UTOTe BeeT K pa30alaHCcupoBa- 
HHO CHCTeEMBI MIpOWU3BOJICTBCHHOM Oe30lacHOCTH B 
MacilTa0ax CTpaHBl. 

TakuM 00pa30M, akTyaJIbHOHW Hay4yHou UU pu- 
KaqHOW 3aqa4eu ABJIAeCTCA COBEPIIICHCTBOBaHHe 
MeTOJIOB OICHKM MpOW3BOACTBEHHOrO TpaBMaTH3- 
Ma C IleuIbIO (POPMUMPOBAaHHA aJleKBaTHOM OCHOBBI 
JIA paspaOoTKH MeporlpuATHH WO OxpaHe Tpya. 

Martepnasibl 4 MeTObI. B pamMKax pecTas- 
NIGCHHOM Hay4HOU paooTH! WpoaHasIM3UpOBaHBl CTAa- 
THCTHYecKHe MaTepHasbl OO ypoBHe IpoOu3BO]- 
CTBCHHOTO TpaBMaTH3Ma Ha OTCUCCTBEHHBIX U 3a- 
pyOe@x*KHBIX NpeznpuaTuax [3-6]. 

B esx oOecie4eHHA TOJIHOTHI HW JOCTOBepHo- 
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Industrial injuries and occupational diseases 
worsen the complex demographic situation itself 
in our country, and lead to significant economic 
and financial losses of owners of enterprises and 
the state. It should also be noted that sanctions 
by the United States of America and the Europe- 
an Union have limited the ability of some Rus- 
sian enterprises to introduce advanced technolo- 
gies and use affordable loans. As a result, many 
heads of economic entities excluded from the 
agenda the task of improving their labor safety 
system. Even if measures to improve working 
conditions are financed, in most cases they are 
financed with whatever remaining funds one 
has, which is contrary to the requirements of the 
legislation governing labour relations. This is 
especially true for small and medium-sized en- 
terprises. 

The Federal Labour Inspectorate (Rostru- 
dinspektsiya), the Prosecutor's office and Trade 
Union organizations constantly reveal the facts 
of hiding or corruption of information concern- 
ing the frequency, dynamics, severity of acci- 
dents (A) at work. Owners and management of 
enterprises do this to avoid consequences (if the 
rules of labor protection are violated, then de- 
pending on the severity of the incident, the em- 
ployer bears material, administrative or criminal 
responsibility). This attitude hinders the imple- 
mentation of decisions to ensure the HS taken at 
the state level. The development of operational 
and long-term plans for a safe working envi- 
ronment is based on statistical data. Their cor- 
ruption eventually leads to an imbalance in the 
system of industrial safety across the country. 

Thus, the actual scientific and practical task 
is the development of methods to assess occupa- 
tional injuries with the goal of creating an ade- 
quate framework for the development of 
measures for occupational health and safety. 

Materials and Methods. Within the frame- 
work of the presented scientific work, thevstatis- 
tical materials on the level of occupational inju- 
ries at domestic and foreign enterprises are ana- 
lyzed [3-6]. 

In order to ensure the completeness and reli- 
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CTH pe3yJIbTaTOB HCIIOJIb30BaH KOMIIJICKC COBpe- 
MCHHBIX MeTOJIOB HUCCICXOBaHWaA, BKIIIOUAA CH- 
CTCMHBIM aHalIv3 WU CHHTe3, KOPPeJIALMOHHbIM aHa- 
M3, MHCTPyMeHTapHu MaTeMaTHMYeCKON CTaTHMCTH- 
KM VW JIOrMKU. PacueTsI BBINOJIHAIMCb C IIpHBIede- 
HHeM HHMOpMallMOHHO-KOMMYHHKalIMOHHBIX TeX- 
HOJIOrMH. 

Pe3yJIbTaTbI uCCIeOBaHHA. AHasIn3 OTKDBI- 
TbIX CTATHCTH4eCCKHX WaHHETx 3a 2010-2014 rr. 
HO3BOJIA€T YIBepxKTaTb, 4TO POPMUpyeTca ycToH- 
4uBad TCHJCHIIMA CHYKCHHA MpOn3BOJICTBeHHOrO 
TpaBMaTH3Ma HU WpodeccHOHaIbHbIx 3a00eBaHHi 
Ha TIpewMpuATHAX C BPeHbIMH UM (WIM) OlNacHbIMU 
yCHOBHAMU Tpya. IIpu stoM HaOsrOaeTcaA yBelMu- 
yeHHe aOcOJIKOTHOM UMCICHHOCTH TepcoHasia Ha 
ONaCHBIX MPpOW3BOJICTBaX, a TaK2Ke MOPAJIbHO U (pu- 
3H4eCKH ycTapeBlero OOOpyOBaHHA HW TeXHOJIO- 
ru. CoryacHo aHHbIM DeyepasIbHOM CJIy2KOBI 
rocyapcTBeHHOM cTraTucTuKU Poccuu (PocctTart), c 
2005-ro no 2014 roa TpaBMaTH3M B Tpon3BO]- 
CTBCHHOM cibepe CHU3HJICA OOee 4eEM B Ba pa3za 
—c 3,1 cmyyasa yo 1,4 ciry4aa Ha TEICAUy padoT- 
HUKOB (puc. |). 


2005 2010 2011 


ability of the results there was used a set of 
modern research methods, including system 
analysis and synthesis, correlation analysis, tools 
of mathematical statistics and logic. The calcula- 
tions were carried out with the use of infor- 
mation and communication technologies. 

Research Results. The analysis of open sta- 
tistical data for the period from 2010 to2014 al- 
lows us to assert that a steady trend of decrease 
in industrial injuries and occupational diseases at 
enterprises with harmful and (or) dangerous 
working conditions is being formed. At the same 
time, there is an increase in the absolute number 
of personnel in hazardous industries, as well as 
morally and physically outdated equipment and 
technologies. According to the Federal State 
Statistics Service of Russia (Rosstat), from 2005 
to 2014, injuries in the production sector de- 
creased more than twice - from 3.1 cases to 1.4 
cases per thousand workers (Fig. 1). 


2012 2013 2014 


Puc. |. J{mHamuka Ipon3BOJICTBeEHHOrO TpaBMaTH3Ma Ha IipezmpuaTuax Poccuu 


Fig. I. Dynamics of occupational injuries at Russian enterprises 


JlanHHpte, omyOsMKOBaHHbIe B COOopHuKax Poc- 
cTaTa, MOJTBepxKJCHbI pe3syibTaTaMU JjeTasIbHOrO 
aHasM3a pOW3BOJICTBeHHOrO TpaBMaTH3Ma Ha 
«POCTOBCKOM IIPe€CCOBO-paCKPpOHHOM 3aBOJ[e>>, 0- 
CTaBJIAHOIIeM = eTasIM MallIMHOCTPOMTeJIbHbIM 
lpeqnpusatuam [7]. CorsacHo 9THM MaTepHaliaM, 
KosmMmuecTBO HC 3a 2010-2014 rr. cHu3usocb Ha 
JIeCaATKM WpoweHToB. Uacrora HC co cmeprtesib- 
HbIM HCXOJIOM Tak2%Ke JIEMOHCTpupyeT yOeuTeIIb- 


Hy!O OTPHIaTesIbHy!O JMHaMUKy (pic. 2). 
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The data published in the collections of 
Rosstat, are confirmed by the results of a de- 
tailed analysis of industrial injuries at the "Ros- 
tov press-cutting plant", which supplies parts to 
machine-building enterprises [7]. According to 
these materials, the number of accidents de- 
creased by tens of percent in 2010-2014. The 
frequency of fatal accidents also demonstrates a 
convincing negative trend (Fig. 2). 
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2005 2010 2011 


2012 2013 2014 


Puc. 2. JIuHamuka YactToTsi HC c sleTasIbHbIM HCXOOM B Poccnuu 


Fig. 2. Dynamics of accidents frequency followed by death in Russia 


Hapaay c PocctaTom yyeT UW perucTpal{nto 
HeCuaCTHBIX CilyyaeB Ha IpOW3BOACTBe Ocy- 
IeCTBIAIOT DeyepalbHad cyxKOa 10 Tpyaqy u 
3aHaTocTH (Poctpyya) 4 DoH comMasbHoro cTpa- 
xoBaHua Pocculickon Dezepanuu (DCC). Pac- 
CMaTpuBad OOsIee NOMPOOHO yHKIMH ITUX Be- 
JOMCTB, BaxKHO yKa3aTb, YTO Poctpyy, @ukcupyerT 
WM aHasiM3upyeT Cily4ya C TAXKeJIbIM HU CMepTelib- 
HbIM HCXOJIOM, a TakxKe rpynmoBbre HC. Undop- 
Malla O COOBITHAX, HE OTHOCAIIMXCA K yKa3aH- 
HbIM KaTerOopuHAM, B OTYeTax PocTpyya He OTpa- 
*aeTca [8, 9]. Ilo qanHEIM 9TON OpraHu3alMn, B 
2014 rony Ha poccuiickux pesqMpuATHAX 3adukK- 
cupoBpaHo 8282 IIponciiiecTBHA, MOBIIeKIMMX 
TiKKHeE WocmeycTBua, U 934 ciyyad co CMep- 
TeJIbBHbIM UCXOXOM. IlpoaHasM3upoBaB UMero- 
IMMca MaccHB CTaTHCTHYeCKUX JaHHbIX TO 
HeCuaCTHBIM CIydaiM JaHHOM Ipylilibl, aBTOPBI 
yCTaHOBHMJIM, 4TO OoNbIuad YacTb HC npons3ommia 
B CIPOHTeJIBCTBe HM Ha OOpadaTHIBaFOWIMX Mpou3- 
BOJICTBaXx (puc. 3). 








CTpoOuTesIbCTBO 
Es Construction 


Along with Rosstat, the Federal Service for 
Labour and Employment (Rostrud) and the Social 
Insurance Fund of the Russian Federation (FSS) 
record and register industrial accidents. Consider- 
ing in more detail the functions of these agencies, 
it is important to point out that Rostrud records 
and analyses severe and fatal cases, as well as 
group accidents. The information on events that 
do not belong to these categories is not reflected 
in the reports of Rostrud [8, 9]. According to the 
organization, in 2014, Russian companies record- 
ed 8 282 accidents, resulting in serious conse- 
quences, and 934 deaths. After analyzing the 
available array of statistical data on accidents of 
this group, the authors have found that most of the 
accidents occurred in construction and manufac- 


turing (Fig. 3). 
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TpaHciiopT U CBA3b 


Transport and communications 
JJoObr4a Moue3HbIX HCKOMAaeMbIx 


Extraction of minerals 


OOpaOaTpIBarolliMe NpOu3BOJICTBAa 


Manufacturing activity 
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Puc. 3. Iuarpamma pacnpeyenenua HC co cMepTeJIBbHBIM HCXOJIOM 110 BUaM 9KOHOMMYeCKON 
jleaTesIbHOcTH (2014 ron) 
Fig. 3. Diagram of accidents distribution followed by deaths by types of economic activity (2014) 
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CoOcTBeHHbIM aHasIv3 aBTOPOB TpeCTaBJIeH- 
HOM padoTb! NO3BOIAeT YTBepxKaTb, ITO DCC 
Poccuu He I[pw3HaeT CTpaxOBbIMH  OKOJIO 
30 % HC. BegomctTBo npoBoauT cOOcTBeHHYr!O 
SKCHePTH3Y KAKIOTO Cilyyasd, yKe paccileqOBaH- 
HOrO H TOJYYMBINerO 3aKIOUeHHe CilelMasIbHOn 
KOMHCCHH O TOM, 4TO MHI[MJICHT CBA3aH C BbIIOJI- 
HeHHeM paOOTHHKOM JIOJDKHOCTHBIX 0013aHHO- 
crew. B 2014 rony TeppuTopuanbuble Wospa3ye- 
neHua OCC 3apeructpuposanu 47453 mpons3- 
BOJICTBCHHbIC TPpaBMBbI, KOTOPbIe ABJIAKOTCA CTpa- 
XOBBIMH CJIyuaiMu. ITO Ha 5 % MeHbIIe, YEM B 
2013 rony. TakuM oOpa30M, cTaTucTH4eckue 
yaHHbre OCC NovATBep2xKTatoT COKpalljeHve 4MCIIAa 
ciydaeB TpaBMaTH3Ma Ha lipesznpusaTuax Poccun. 
OyHako, Kak TOKa3bIBalOT IIPOBepKH Ha30PHbIxX 
OpraHoB, ITH WMdpbI He BCerya O3HAYaKOT yJy4- 
IeHuaA B Ctepe TexHUKH Oe30nacHocTH. AHaJIM- 
THKH OOOCHOBAHHO CYMTAIOT, YTO XO3AMCTBYIO- 
ue CyOBeKTHI «yyullakoT» CTAaTHCTHKy, pery- 
JAPHO CKpbiBad JaHHbIe oO HC Merkouv u cpeyHel 
THKeECTH. OcoOeHHO 9TO KacaeTCA MaJIbIX IIpey- 
mpuaTuu. Ilpu 3sTOM B COKpPbITHH HeC4aCTHBIX 
ciydaeB 3aMHTepeCOBaHbI KaK PYKOBOJICTBO, Tak 
M caMH WocTpayaBiuiMe padoTHuKH. CormacHo 
aHHbIM PoccTaTa, MpOH3BOCTBeHHBIM TpaBMa- 
TH3M B C(epe Masloro Ou3HeCa peBbIllaeT aHa- 
NOTMYHbIN WOKa3aTeub JIA KPyUHbIx (bupM [8, 9]. 
B OoubIIMHCTBe CiydaeB 3TO OOBACHAeTCA He- 
XBaTKOM (uHAaHCHpoBaHuA. CuTyaliua WOcTeneH- 
HO yilyullaeTca (BO BCAKOM cJIydae cTaOMIM3u- 
pyetca) Oarofjapa BHUMaHv1O K JaHHOM Mpo- 
OeMe OpraHOB TrocysapcTBeHHOM BulacTu. Tak, 
cormacHo CTaTHCTH4eCKHM cBeqeHuaM 3a 2014 
TO, OOMMM ypOBeHb MpOW3BOACTBeCHHOrO TpaB- 
MaTH3Ma B Ciepe Masloro On3HeECa 3HAYMTeIIbHO 


cHu3nsica [4] Hw WpakTwMyeckH JOCTMr WoOKa3aTe- 


eH CpeHUX VW KpylHbIx IpewNpuATuH (puc. 4). 


The authors’ analysis of the presented work 
suggests that the FSS of Russia does not recog- 
nize about 30% of accidents as insured events. 
The Department carries out its own examination 
of each case, which has been already investigated 
and which received a conclusion of a special 
commission that the accident is related to the per- 
formance of official duties by the employee. In 
2014, the territorial divisions of the Federal Insur- 
ance Service registered 47 453 industrial injuries, 
which are insured events. This is 5% less than in 
2013. Thus, the statistical data of the FSS confirm 
reduction in number of injuries at the enterprises 
of Russia. However, as the inspections of Super- 
visory authorities show, these figures do not al- 
ways mean improvements in the field of safety. 
Analysts reasonably believe that business entities 
"improve" statistics, regularly hiding data on ac- 
cidents of light and medium severity. This is es- 
pecially true for small enterprises. At the same 
time, both the management and the injured work- 
ers are interested in concealing accidents. Accord- 
ing to Rosstat, industrial injuries in small busi- 
nesses exceed the same figure for large firms [8, 
9]. In most cases, this is due to the lack of fund- 
ing. The situation is gradually improving (at least 
stabilizing) thanks to the attention of public au- 
thorities to this problem. Thus, according to statis- 
tical data for 2014, the overall level of occupa- 
tional injuries in small business has significantly 
decreased [4] and almost reached the indicators of 


large and medium-sized enterprises (Fig. 4). 
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Puc. 4. J[uHamuka oOmlero MpOHu3BOJCTBeEHHOrO TpaBMaTH3Ma Ha TipewnpuaTuax Poccuu 


B 2005—2014 rr. (Ha 1000 paOoTHuKoB) 


Fig. 4. Dynamics of general industrial injuries at the enterprises of Russia in 2005-2014 (per 1000 employees) 


EcsIM 2Ke pacCMaTPHBaTb TOJIbKO CaMBbIe TpaB- 
MOOTIACHbIe€ OTPacsIH, TO CHTyallWA BBITIAUT co- 
BepINeHHO HHaue. Takouv aHasIv3 MOKa3bIBaeT, UTO 
Ha MaJIbIX IIpeAMpHATHAX YPOBCHb TpaBMaTH3Ma 
BbIIe, 4EM Ha KPyIIHbIX HW CpeqHHX, OHAKO Ha 
TOCIeHUX, KaK IpaBusO, BbIe YMcI0 HC co 
CMePTeJIBHbIM HCXOJIOM (puc. 5). 
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If we consider only the most traumatic indus- 
tries, the situation looks completely different. This 
analysis shows that in small companies, the level 
of injuries is higher than in large and medium- 
sized ones, but they, as a rule, have the higher 
number of accidents followed by deaths (Fig. 5). 
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Puc. 5. [loka3aTesM Ipou3BOCTBeCHHOrO TpaBMaTH3Ma B HavOosIee TODABMOOTIAaCHBbIX OTpacs1ax (Ha 1000 


padoTHuKkos, 2014 roa): oOm[MH TpaBMaTH3M (da); TpaBMaTH3M CO CMepTeJIbHbIM HCXOJIOM (bd) 


Fig. 5. Indicators of industrial accidents in the most hazardous industries (per1000 workers, 2014): total number 


accidents (a); accidents followed by deaths (b) 


CienqyeT oco00 ykKa3aTb Ha TO, 4YTO MUKDPO- 
IIPeCIPUATUA He 3allOJIHAKOT (HU, COOTBETCTBeCHHO, 
He MIpeCTaBIAIOT Ha30pHbIM OpraHaM) oduH- 
ayIbHy¥o cTaTucTuYeckyro dopmy Ne 7 «TpaBMa- 
TH3M)>. K TOMy #Ke COcTOAHHe Oe30MacHOCTH Tpy- 
ya Ha KpyNHbIX UW CpesHUX TpeyIpuATHAX oTpe- 
JIeIAeTCA MeCTOJIOM CIVIOMIMHOrO HadsHOeHuA, a 
JIA MaJIbIX TIpeAIpUATHH WpeAyCMOTpeH TOJIbKO 
BBIOOPOUHBIM KOHTPOJIb. ITO TakxKe WOMOraeT 
PYKOBOJICTBY OecIIpenATCTBeHHO 3aHWKaTb CTa- 
THCTHKY M10 HeCYaCTHBIM CIydaiM Ha MpOu3BO]- 
CTBe. 

CnrealyeT ykKa3aTb elle OJHY IpH4MHy COKpBI- 
THA HeCYACTHBIX CLyyaeB C TOCIeEACTBUAMH Jier- 
KOH WM cpeqHewi TxKecTH. PaccmeyoBanue Hl 
lipesqMoaraeT MOBbILMeHHOe BHUMAaHHe CO CTOPO- 
HbI HaJi30PpHbIX OpraHoB HU OOIecTBa. B 4acTHO- 
CTH, lIpeCTaBUTeIM TeppuTOpHasIbHOrO TWoOzpa3- 
nenenua PoctpyqWHcieKWMM MOryT YyCTpOuUTb 
JONOJIHUTeJIbHbIe IPOBEPKH U B pe3yJIbTaTe IIpH- 
MeCHUTb WITpadHble CaHKIMM K PYKOBOJUTEIINO. 
YrToObl u30e%KaTb TaKOrO Haka3aHWA, PYKOBOI- 
CTBO KOMHaHHN lpeylaraeT WocTpayaBileMy pa- 
OOTHHKY BO3MCCTHTb 3aTpaTbl Ha BOCCTAaHOBIIe- 
Hue 30poBba Oe3 OdopMseHuA OromieTeHA U 


pyrou JOKyYMeHTAalMn. 


It should be emphasized that microenterprises 
do not fill in (and therefore do not submit to the 
Supervisory authorities) the Official Statistical 
Form No. 7 "Injuries". In addition, the state of 
occupational safety in large and medium-sized 
enterprises 1s determined by the method of con- 
tinuous monitoring, and for small enterprises, on- 
ly selective control is provided. It also helps man- 
agement to understate the statistics on accidents in 
the workplace easily. 

It is necessary to specify one more reason of 
concealment of accidents with minor or moderate 
injuries. Investigation of emergencies assumes the 
increased attention from Supervisory authorities 
and society. In particular, the representatives of 
the territorial division of the Federal Labor In- 
spectorate can arrange additional investigations 
and as a result apply penalties to the head. To 
avoid such punishment, the company's manage- 
ment offers the injured employee to compensate 
for the costs of restoring health without comple- 
tion of the bulletin and other documentation. 
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OOdcyxeHHe uw 3aKIIOUeHHH. MTak, B 0- 
cneqHue TOwbI He HaOsOaeTCA 3aMeTHOTO CHH- 
2%KCHUA YPOBHA MPpOH3BOACTBCHHOrO TpaBMaTH3Ma 
B Poccuvickon Dexepauuu. Kak NoKa3bIBaeT Je- 
TaJIbHbIM aHalIv3 CHTyalluu, FrocyjapcTBeHHBbIe 
CTaTHcTHYeCcKHe JIaHHbIe He BCeryqa OObCKTUBHBI. 
Ha MHOrMx OTeYCCTBEHHbIX TpesIpuATuax 6e3- 
OWacHOCTbh HM OxpaHa Tpyjla He COOTBETCTBYIOT 
TpeOoBaHuAM YTocyapcTBeHHOH MOJIMTHKU B 
aHHOU cdepe u 3alIpocam oOmlectTBa. B 9sTON 
CBA3H HeEOOXOJUMO pa3paOboTaTb HU peasIu30BaTb 
KOMIMIeKC [paBOBbIX HU  OpraHv3al[MOHHO- 
TeXHH4eCCKHX Mep, HallpaBJICHHbIX Ha KapJu- 
HaJIbHoe yyullleHve CUTYyalluu. 

K coxkasleHHio, 3a4acTy¥o paccnezoBaHue HII 
3akKaH4uMBaeTca, KOrWa YyCTaHOBJIeHa BHHAa Co- 
TpyqHuKa. OHAaKO 3TO HE MOKET ObITb KOHCUHOHM 
IeIbkO aHalM3a cuTyaluu. Takowi moszxoy He 
TlO3BOIACT BbIABHTb JJe@eKTbI CHCTeMbI Oe30rIac- 
HOCTH, a, 3HA4UT, HeECuUaCTHble clryuau OyyT 0- 
BropstTbes [10-12]. Kpome Toro, MouHOMeHHEIM 
aHasIM3 MO3BOJIAeT pazsoOpaTBca, MWOYeMy OOCTa- 
HOBKa Ha MpOW3BOJICTBe He MpelaATCTByeT Helpa- 
BOMEPHbIM JICHCTBHAM COTpyHuKa, a WHOra 
axe mooltpset ux. Handonee uacto HeOsaro- 
IIPHATHYIO C TOUKH 3PeCHHA TEXHUKH Oe30macHo- 
CTH CHTYyallHIO MOAWepxKUBAaIOT TakHe (aKTODBI, 
Kak: 

— HeJlOcTaTOK (PUHAHCUpoOBaHHUs; 

— HeBepHO BbICTpOeHHBIN MpaduKk paovorsl; 

— yyacTwe HeKBalM@umMpoBaHHOroO Tepco- 
Halla B CJIOXKHbIX HW OMaCHbIX IPpOM3BO].CTBCHHbIX 
olepaluax; 

— 9KCIiuIyaTalua ycTapeBillero WIM He TIpo- 
Wesuero mpodustakTuKy oOopyOBaHHA. 

Kpome Toro, HepeyKH cilyyau, Korqa pykKo- 
BOJICTBO He 3alIpellaeT MOTeCHIMaIbHO OMacHoe 
TOBeJIeEHHe COTPYAHHKOB WIM axe TpeOyeT BBI- 
TIOJHeEHHA paooT, IpoTHBOpeyallMx TexHuKe 0e3- 
OlacHOCcTH. 

TakuM oOO0pa30M, IIpeyicTaBJIeHHOe MCCIeOBa- 
He MO3BOMIO COOpaTb dbakTorpaduyeckyto Oa3y, 
JOCTaTOUHY!O JIA pa3spaOoTKH KOMIWIeKca Mepo- 
IIPHATUM 110 COBEpIICHCTBOBaHHIO CHCTeMBbI Oxpa- 
HbI Tpya Ha MaJIbIX HW CpeqHUX NpesznpuATuAx. B 
YaCTHOCTH, C YACTOM TIOJIYYCHHBIX JIAHHBIX MO2KCT 
ObITb CO3aH OpraHv3al[MOHHO-3IKOHOMHMYCCKHI 
MeXaHH3M, [O3BOJIAFOWIMM MCKIKOUMTb WCKaxKeHuA 
OTYCTHOCTH MO TpOv3BOJICTBeEHHOMY TpaBMaTH3My 
Ha OTCYCCTBCHHBIX IIpeANpHATUAX. 
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Discussion and Conclusions. Thus, in recent 
years there has been no noticeable decrease in the 
level of occupational injuries in the Russian Fed- 
eration. As the detailed analysis of the situation 
shows, the state statistics are not always objective. 
In many domestic enterprises, occupational safety 
and health do not meet the requirements of the 
state policy in this area and the needs of society. 
In this regard, it is necessary to develop and 1m- 
plement a set of legal, organizational and tech- 
nical measures aimed at radical improvement of 
the situation. 

Unfortunately, often the investigation of 
emergency ends when the fault of the employee is 
determined. However, this may not be the ulti- 
mate goal of the situation analysis. This approach 
does not allow identifying security faults, and, 
therefore, accidents will be repeated [10-12]. In 
addition, a full analysis allows you to understand 
why the situation in the workplace does not pre- 
vent illegal actions of employees, and sometimes 
even encourages them. The most often unfavora- 
ble from the point of view of safety situation is 
supported by such factors as: 

— lack of funding; 

— wrong scheme of work; 

— participation of unskilled personnel in 
complex and dangerous production operations; 

— operation of outdated equipment or equip- 
ment that has not passed preventive measures. 

In addition, there are cases when management 
does not prohibit potentially dangerous behavior 
of employees or even requires the performance of 
work that goes against safety. 

Thus, the presented study allowed us to collect 
the factual base, which is sufficient for the devel- 
opment of a set of measures to improve the sys- 
tem of labor protection in small and medium-sized 
enterprises. In particular, taking into account the 
data obtained, an organizational and economic 
mechanism can be created to eliminate corruption 
of reporting on industrial injuries at domestic en- 
terprises. 
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HMCTIOJIB8OBAHHE LITY4HbIX 
3BYKONONIOTUTEJIEN 1A 
CHWKEHHE WYMA HA PABOUEM 
MECTE CJIECAPA 110 KHTIMA 


A. TD. T. yopun’, KT. Mep31axoea’ 
‘DIP BOY BO «Mx TY umeun M.T. KanauruKosa», 


r. Vokescx, PoccuvcKkaa Dexepamna 

“AHO JIMO «Yue6uniii yeutp “Hedtanuk”», 
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Uccrezopanue padouero Mecta ciJlecapa IO KOH- 
TPOJIBHO-H3MepHTeJIbHbIM IIpwHOopaM HW aBTOMaTHKe 
(KMIIMA) B OOO «Onn-Tenekom» mo3BOHI0 
BBIABHTb TIaBHbIM BPeHbIM IIPOW3BOJCTBCHHbIM 
(bakTop. STO LTYM, KOTOpbIN paciipoctpaHsAercaA OT 
HedTenepekauuBarollero OOOPyAOBaHHA UW TOCTOSH- 
HO JleHcTByeT Ha paOoTHHKa. YcTaHOBJIeHO, 4YTO Ha 
JIAHHOM IIPOH3BOCTBe IKBUBAJICHTHbIN YPOBCHb 3By- 
ka paBeH 86 bA mpu HopMe He Oosree 80 WbA. Pa6do- 
que NOABeprartoTcaA BO3JJEHCTBUHO IIlyMa B TeyeHHe 
8 4aCOB B CMeHY C JIBYMA TeEXHOJIOrM4eCKMMH Tlepe- 
ppiBamu 10 15 MHHYT B MepBow HU BTOPOM TOJOBHHE 
padoyero 7HA. 3azadya 10 CHYKeHHIO IITYMOBOrO BO3- 
JICHCTBUA MOKeT ObITb pellieHa C MOMOIIbIO pa3Me- 
IeHUA Ha MOTOIKe B padoueM MOMeIIeHHH WITYIHbIX 
3BYKONOrIOTHTeIeH. Takum o0pa30M, IesIbkO UCcIe- 
JOBAHHA ABJIACTCA PacueT UX HEOOXOAMMOLO KONIMYe- 
cTBa. B pe3yJIbTaTe BbIMOJIHCHHOM Hay4HOu padorTbl 
yNasIOCb YCTAHOBUTb, YTO MOHTa%K 60) ycTporicTB 1103- 
BOJIAT CHH3HUTb JO JOMYCTHMOTO YPOBeHb 3ByKa, a, 
CJICOBATEJIbHO, HW KIacc yCOBHM Tpya. Kpome Toro, 
CHH3HTCA YIOMJIACMOCTb paOOTHHKOB, YJIYUIMIMTCA 
COCTOAHHE UX 3OPOBbA, MOBbICHTCA MPOM3BONMTEeJIb- 
HOCTb. 

Kuouesbie cosa: cilecapb KMIInA, padouee 
MeCTO, YCJIOBHA Tpya, UWIyYMOBOe BO3eEHCTBHe, 
IITYUIHBIN 3BYKOINOIIOTHTEeIIb. 


Bpejenne. B TeyveHve MHOrHx JIeT COXpaHAIOT 
CBOIO aKTYyaJIbBHOCTbh Hay4Hble MU TpuKIayHble pe- 
meHua B Ctepe Oe30MacHOCcTH ycNOBuH Tpyya 
Ha tpou3BoyctTBe. Ha HedtenepepadarpiBaro- 
IMX IpeNpuATUAX OHA U3 CaMbIxX BOCTpebo- 
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SINGLE SOUND ABSORBERS FOR NOISE 
REDUCTION IN THE 
INSTRUMENTATION TECHNICIAN 
WORKPLACE 
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The study of the workplace of instrumentation 
technician in LLC "Oil-Telecom" allowed us to 
identify the main harmful production factor. This 
is noise, that spreads from the oil pumping 
equipment and constantly acts on the worker. It 
is established, that in this production the equiva- 
lent sound level is 86 dBA, when the normal 
level is not more than 80 dBA. Workers are ex- 
posed to noise for 8 hours per shift with two 
technological breaks of 15 minutes in the first 
and second halves of the working day. The prob- 
lem of noise reduction can be solved by placing 
single sound absorbers on the ceiling in the 
working room. Thus, the aim of the study is to 
calculate their required number. As a result of 
the performed scientific work, it was found that 
the installation of 60 devices will reduce the 
sound level to an acceptable level, and, conse- 
quently, the class of working conditions. In addi- 
tion, the fatigue of workers will decrease, their 
health will improve, and productivity will in- 
crease. 


Keywords: instrumentation technician, working 
place, labour conditions, noise effect, single 
sound absorber. 

Introduction. For many years, scientific and 
applied solutions in the field of safety of work- 
ing conditions at work remain relevant. Instru- 


mentation technician is one of the most demand- 








BaHHbIX Ipodeccuu — cylecapb MO KOHTDPOJIb- 


HO-H3MeCPHUTeJIbHBIM TpHuOopaM HU aBTOMAaTHKe 
(KUIIMA). Yayamenue ycroBuu Tpyyqa Takux 
ChelWalucTOB WpeswomaraeT CHWKeHHe ypOB- 
HA pa3sJIM4HbIX BPeCHbIX W OMACHbIX PakKTOPOB. 
B paMKax JJaHHoro UCCJIeMOBaHUA PaccMOTpeHa 
3aqaua CHWKeHMA WlyMa Ha paOoueM mMecTe 
crecapa KMIIMA B OOO «Onn-Temekom». 
HlocraHoBkKa mpoOsemMbl. BpmosHaa cBonu 
JOJDKHOCTHbIe OOA3AHHOCTH, CIecapb Iepemelila- 
eTCA 110 TeppHTOpHU HacocHOH cTaHIWu. OcHoB- 
Hy!O 4aCTb padouero BPeMeHH OH IIPOBONUT B 0- 
MeIIICHHH C TOJ{beEMHBIM HM HarHeTaTeJIbHbIM O00- 


PYHOBAHHCM J1O2%KUMHOU HacocHon CTaH- 
uuu (puc. 1). 
Conventional pumping unit Flare 
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ed professions at oil refining enterprises. Im- 
proving the working conditions of such special- 
ists involves reducing the level of various harm- 
ful and dangerous factors. This study considers 
the problem of noise reduction in the workplace 
of an instrumentation technician at LLC "Oil- 
Telecom". 

Problem Statement. Performing his duties, 
the instrumentation technician moves around the 
territory of the pumping station. The main part 
of the working time, he spends in a room with 
lifting and pumping equipment of the booster 
pump station (Fig. 1). 


TpaeKTOpHA NepeBMKeHHA 
cllecapa 

pattern of movement of the 
instrumentation technician 


MCTOUHUK IlyMa 
noise source 


Puc. 1. Cxema nepemeimjenua crecapx KMIIMA no Ttepputopun HacocHon cranuouu OOO «Onm-TeneKom» 


Fig. 1. Pattern of movement of the instrumentation technician at the pump station LLC "Oil-Telecomy 


Crecapb KMIMA o0ciryxuBaet u pemMoHTUpyeT 
KOHTPOJIbHO-H3MepHTeJIBHbIe MPHOOPbI U aBTOMa- 
THKYy HeIMOCpeICTBeHHO B MeCTax HX YCTAHOBKH Ha 
yuacTKax. B mpotlecce BbIMOJIHeHHA TAKON padoTsl 
COTPYJHUK NOABepraeTca BO3CMCTBHIO IIlyMa, 
YPOBeHb KOTOPOLO COOTBETCTBYeT BPeJHBIM YCJIO- 
BUAM Tpyja 2-H CTelMeHU OMAaCHOCTH. IKCHepTHBIM 
Olpoc paOOTHHKOB OKa3all, ITO MHTEHCHBHOe 
IYMOBOe BO3CHCTBHe HeOMarOnpunATHO BIMACT 
Ha IIpOTeKaHHe HEPBHBIX IIPOLMeccoB, ClOCOOCTBY- 
eT pa3BHTHHO YTOMIJICHHA, MOABJICHHIO IITyYMOBON 
WaTOJIOrMH U MpOBOUMpyeT pay 3a00eBaHun, ca- 


MOC paClHpOCTpaHCHHOe H3 KOTOPBbIX — MCJVICHHO 
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The instrumentation technician services and 
repairs control and measuring instruments and 
automatic equipment directly in the places of 
their installation in the areas. In the process of 
his work, the employee is exposed to noise, the 
level of which corresponds to the harmful work- 
ing conditions of the 2nd hazard level. An expert 
survey of employees proved that intensive noise 
exposure adversely affects nervous processes, 
contributes to the development of fatigue, the 
appearance of noise pathology and provokes a 
number of diseases, the most common of which 


= a a > oni oo oo oe an 


> A / / 


Nhe bal > / 


Safety of Technogenic and Natural Systems 





IIporpeccupyrollee CHMKeEHHE Ciryxa 10 TUIMY 
KOxJIeapHoro HeBputa [OmmoKa! Acrounuk 
CCbIUIKH He Hane. |. 

B lpou3BOJCTBeHHbIX YCIOBHAX HCTOUHHKaMH 
IyMa ABJIAFOTCA paOoTaroOlMe CTAaHKM HW MeXaHH3- 
MbI, PYUHbIe MeXaHH3HPOBaHHble MHCTPYyMeHTHI, 
QJIEKTPHY4eCKHe MallIMHbI, KOMMpeccopsl, Ky3He4HO- 
IIpeCccOBOe, TMObEMHO-TpaHCclopTHoe, BCMOMOra- 
TelIbHOe OOOpyOBaHHe (BEHTHJIALMOHHbIC YCTaHOB- 
KH, KOHJMUMOHeps!) UT. X. JlomycTHMble WTyMOBBIe 
XapaKTeCpHCTHKU padouux MeCT persiIaMeHTUPyIOTCA 
POCT 12.1.003-2014. Lym. Oomme tpedopanua 
Oe30racHocTH [2], CaHHTapHbIMu 
CH 2.2.4/2.1.8.562-96 [3]. 


pakTepHcTHKU ryMa Ha padouux MecTax IIpHMeHsA- 


HOpMaMu 
B xayectBe oomieni xa- 


eTCA OICHKa YpOBHA 3ByKa B JIbA. Lym u3mepsetca 
C MIOMOINIbIO WyMoMepa l|-ro wm 2-ro KiIacca TOU- 
HocTu 10 FOCT 17187-2010. LtymMomepsi. Uactp |. 
TexHuyeckue TpedoBpanna [4]. 

Ha paccmaTpuBaemom padoyemM MecTe IIITyM I10- 
CTOAHHBIM, paclIpocrpaHAetca OT He@TAHOLO OOOPy- 
OBaHHA, pesHa3sHayeHHOrO JIA WepeKadku HeTu. 
Illym HacocHonw jlevicTByeT Ha paOoyero B TeyeHHe 
3,5 4acos, T. e. mouTH 40 % BpemMeHH padoyel cMe- 
HbI. C yueTOM IMIpOBeJIeHHbIX H3MepeHHH 9IKBUBA- 
JICHTHbIM YPOBeEHb 3ByKa COCTAaBHI 86 WbA, 4TO BBI- 
me JOMyCTUMOrO 3HayeHHA Ha 6 WbA. Pe3ysbrarsl 
YW3MepeHuit NpeCTaBJICHbI B TaOw. 1. 


is Slow loss of hearing by cochlear neuritis type 


[1]. 


In a production environment the sources of 
noise are the working machines and mecha- 
nisms, hand held power operated tools, electric 
machines, compressors, forge-and-press, materi- 
al handling, supporting equipment (ventilation, 
air conditioning), etc. The acceptable noise 
characteristics of workplaces are regulated by 
GOST 12.1.003-2014. Noise. General safety re- 
quirements [2], Sanitary Standards SN 
2.2.4/2.1.8.562-96 [3]. The assessment of sound 
level in dBA is used as a general characteristic 
of noise in the workplace. Noise is measured 
using a noise level meter of Ist or 2nd accuracy 
class according to GOST 17187-2010. Noise 
level meter. Part 1. Technical requirements [4]. 

At the workplace under consideration, the 
noise is constant; it spreads from oil equipment 
designed for oil pumping. The noise pump influ- 
ences the worker for 3.5 hours, 1.e. almost 40 % 
of the time of his working shift. Taking into ac- 
count the measurements, the equivalent sound 
level is 86 dBA, which is higher than the per- 
missible value by 6 dBA. The measurement re- 
sults are presented in Table. 1. 


Taodsuita | 
Table 1 


IlapamMeTpbI IlyMa B pa3JIM4HBIX padOounx 30HAaX 


Noise parameters in different work areas 
HawumMenospaHHe padouen 30HBI YposBeub 3ByKa, JbA pene BO3JCHCTBHA, % 
[eHepaTopHbit O10K 
JlaOopaTopua TIpoBepKH ra30aHasH3aTOPOB (padouuii CTO) 





Hacocuaa 
Pumping station 
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JlaSopaTopua NpoBepKH ra3z0aHasIH3aTOPoOB (Malika) 
Laboratory testing of gas analyzers (soldering) 
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IIpu OHOBpeMeHHOM JIeMCTBHU JByX UCTOU- 
HUMKOB IllyMa C pa3JIM4HbIMM ypoBHaMN L; u Ly 
CYMMapHbIN 9KBUBaJICHTHbIM YPOBCHb 3BYyKa CO- 
CTaBUT 86 WZbA (Taos. 2). 


With the simultaneous operation of two noise 
sources with different levels of L; and L», the total 
equivalent sound level will be 86 dBA (Table. 2). 


Taodsmuita 2 
Table 2 


MakTuyeckue U HOPMaTHBHb{IeC 3HaYCHHA SKBUBAJICHTHOLrO HW MaKCHMaJIBHOTO YNOBHA 3BYKa 


Actual and standard values of equivalent and maximum noise level 


MakTop HopmaTuBHoe 3HadeHHe 
Facto Standard value 


OKBUBAJICHTHBIM YPOBeHb 3ByKa, JIbA 
Equivalent noise level, dBA 
M a BA 
aceeN ee pore 3ByKa, JI 10 93.0 
Maximum noise level, dBA 


V3 IpuBeeHHbIX BBbIMe JaAHHBIX ClesyeT, 4TO 





IKBUBAJICHTHBIN YPOBeCHb 3ByKa He COOTBETCTBY- 
eT TpeOoBaHusaM CH 2.2.4/2.1.8.562-96. Takum 
00pa30M, 10 JaHHOMY TOKa3aTesIKO YCJIOBHA TPy- 
ja cnecapsx KMIMA oTHocatcsa K BpeaqHbIM 2-11 
cTeleHu (kulacc 3.2). 

CieytyeT OTMeETUTh, ITO pyre NOTeHIMAaIIb- 
HO HeOarompuATHble PakTOpsI (BUOpalluA, CBe- 
TOBad Cpejla, MUKPOKJIMMAT, TA2KECTb UH Halips- 
XKCHHOCTh padoTsl) He OMpeeIAIOT YDOBeCHb 
OMacHOCTH ycJIOBUH Tpyfa crrecapa KMIIMA na 
OOO «Onn-TemeKkom». 

AHaJIM3 MOAXO0B K pelleHHto MpodsIeMBl. 
J\14 3al{MTbI OT Wyma: 

— pa3pa0aTHIBaeTcaA IyMoOe30NacHasd TEXHH- 
Ka; 

— WCIIOJIb3yYIOTCA CpeJICTBa HM MeTOJIBI KOJI- 
Ne€KTUBHON 3amuTE! (OCT 12.1.029-80. CCBT. 
CpeIcTBa UH MeTOJIbI 3allMTbI OT UryMa. Kulaccn- 
(bukaunsa [5]); 

— IIPHMeHAIOTCA CpeJCTBa WMHMBUyasIbHou 
3allMTBI; 

— BHeJIPAKOTCA CTPOUTeJIbHO-akycTH4ecKHe 
MeCTOJIBI. 

Mepbi 10 3alljuTe OT IlyMa HeOOXOAMMBI pu 
pa3paOoTKe TeXHOJIOrM4YeCKHX TIpoueccosB, H3ro- 
TOBJICHHM WM SKCIUIyaTauuu MallinH, MpoOu3BoJ- 
CTBCHHBbIX 32aHHM WU COOpyxXeHHH, a TakxKe IIpUu 
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MakTuyecKkoe BenmunHa 


3HAYCHHES OTKJIOHCHHMA 


Actual value Deviation value 


From the above data, it follows that the equiv- 
alent noise level does not meet the requirements 
of SN 2.2.4/2.1.8.562-96. Thus, according to this 
indicator, the working conditions of the instru- 
mentation technician are referred to the 2nd haz- 
ard level (class 3.2). 

It should be noted that other potentially ad- 
verse factors (vibration, light environment, mi- 
croclimate, severity and intensity of work) do not 
determine the level of danger of the working con- 
ditions of the instrumentation technician at LLC 
"Oil-Telecom”. 

Analysis of approaches to solving the prob- 


lem. For noise protection: 

— noise-safe equipment is being developed; 

— means and methods of collective protection 
are used (GOST 12.1.029-80. Occupational safety 
standards system. Means and methods of noise 
protection. Classification [5]); 

— personal protective equipment is used; 

— construction and acoustic methods are be- 
ing introduced. 

Measures to protect against noise are neces- 
sary in the development of technological process- 
es, manufacture and operation of machines, in- 


dustrial buildings and structures, as well as in the 
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OpraHu3alMu padouero MecTa. 

KouHeuHo, JI MCKIHOUCHHA BJIMAHUA Ha pa- 
OOTHHKOB MpOH3BOJICTBeCHHOLO IlyMa HeOoOxoH- 
MO YCTpaHHTb ero HCTOYUHUK. ITO HanOosee pa- 
I[MOHAJIBHbIM UW MepCieKTHBHbIM MeTO], OOpbOBI Cc 
HeOarOlpHATHBIM 3BYKOBbIM BO3IeHCTBHeM. B 
KaueCTBe aJIbTepHaTUBbI PaCCMaTPUBAeTCA pa3- 
paOoTKa cpeyCTBa, CHWKaFOINerO YpOBeHb IlyMa 
Ha IlyTH ero paciipoctpaHeHHA OT UCTOUHUKa JO 
3allMIaeMbIxX OObEKTOB. OCHOBHbIe BAPHAHTHI 
— YCTaHOBKa aKYCTHYeCKHX 3KPaHOB, B TOM 
4ucIe MHHOBAaLIMOHHOTO Tula [6, 7], 4 IpuMeHe- 
HHe 3alMTHbIX KOKYXOB, KarlOTos [8, 9]. 

OyMH 43 HanOosee 9deKTHBHEIX IIPHHUMINOB 
— 3ByYKONOromeHnue. ITO ocMabseHue ypOBHA 
3BYKa, PaClpOcTpaHAFOMeroca B MOMeILeHHH, 
BCJICICTBHe OTPaKeHHA IHEP OT OOMMMOBOU- 
HbIX MaTepHasIOB Orpaxk CHUM, KOHCTPyYKTHBHBIX 
yacTeit oOopyzoBaHua. KoadmunueHT 3BYKOTO- 
TIOMeCHHA IIpesCTaBIAeT COOOM OTHOIMeHHE 
9HeprHuu, HOrmoueHHot | mM’ MOBepxHOCTH, K Ia- 
yjarolle Ha STY MOBepxHoctTs dHeprun. MUciob- 
30BaTb 3BYKONOIIOMeHuve lesecooOpa3Ho, ecsIH 
KOIMPMHIUMEHT 3BYKONOLIOMWeHHA MaTepHasia He 
MeHee 0,2. 3BYKONOFIOMeHHe C MCIIOJIb30BaHHeEM 
MaTepHasioB, OOaTarOllMx BbICOKUM Ko3dmunn- 
CHTOM IIOFIOMeCHHA, MO3BOJIACT CHU3UTb YPOBCHB 
uryMa 40 8—10 WBA. OueBuyaHo, 4TO ypoBeHb 
3alllMTbI 3HAYUTeEIBHO YBeJIM4UBaeTCA TIPU COB- 
Me€CTHOM HCIIOJIb30BaHHU MCTOJIOB 3BYKOH30IJ14- 
IMM UW 3BYKONOTJIONCHHA. 

C MOMOIIbIO TEXHH4eECKUX CpeACTB He BCer ya 
yuaeTCA pelIMTb MpoOsIeMy CHWKeHUA YpOBHA 
yma. B sTOM CBA3H OOJbUIOe BHUMAaHHe yessA- 
eCTCA UCIIOJb30BaHHIO CpeJICTB HHJMBULyasIbHOU 
3amMTbI (CM3): anTudouos, 3arslymiek, HayliHu- 
KOB, YIUHbIX BKJIaJ{bIIeH, WIICMOMOHOB, KacOK 
MW yp.). OaHako cylestyeT YAUThIBAaTb, 4TO Helpa- 
BUJIbHOe IpuMeHeHHe CU3 MOxeT CIYKUTh IIpU- 
4HHOU MpOu3BOJICTBeCHHOTO TpaBMaTH3Ma UH IIpo- 
(peCCHOHAJIBHBIX 3a00JIeBaHHM. BaxkHo, 4TOOBI 
CpeyicTBa WHIMBUAyaIbHOU 3alliMTbl WoaOUpa- 
NMCb UpaBWJIbHO B 3aBHCHMOCTH OT YpOBHA U 
clieKTpa llyMa. Kpome Toro, HEOOXOAHUM KOHTDPOJIb 
YCJIOBHM UX IKCIUTyaTalMn. 

CpejicTBa JI CHWDKCHHA IlyMa Ha padoueM Me- 
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organization of the workplace. 

Of course, to eliminate the impact of industri- 
al noise on workers it is necessary to eliminate its 
source. This is the most rational and promising 
method of dealing with adverse noise effects. As 
an alternative, we consider the development of a 
tool that reduces the noise level in the way of its 
propagation from the source to the protected ob- 
jects. The main options are the installation of 
acoustic screens, including the innovative type [6, 
7|, and the use of protective covers, hoods [8, 9]. 

One of the most effective principles is sound 
absorption. This is the weakening of the sound 
level propagating in the room, due to the reflec- 
tion of energy from the cladding materials of pro- 
tective covers, structural parts of the equipment. 
The sound absorption coefficient is the ratio of 
the energy absorbed by a surface of 1 m’ to the 
energy incident on that surface. To use sound ab- 
sorption is advisable if the sound absorption coef- 
ficient of the material is not less than 0.2. Sound 
absorption with the materials with a high absorp- 
tion coefficient, can reduce the noise level to 8-10 
dBA. It is obvious that the level of protection sig- 
nificantly increases by the joint use of sound insu- 
lation and sound absorption methods. 

It is not always possible to solve the problem 
of noise reduction with technical means. In this 
regard, much attention is paid to the use of per- 
sonal protective equipment (PPE): anti-phones, 
plugs, headphones, earplugs, headsets, helmets, 
etc.). However, it should be borne in mind that 
improper use of PPE can cause occupational inju- 
ries and diseases. It is important that personal 
protective equipment is selected correctly depend- 
ing on the level and spectrum of noise. In addi- 
tion, it 1s necessary to control the conditions of 
their operation. 

Means for noise reduction in the instrumenta- 
tion technician workplace were assessed from the 


point of view of the analysis of the set of all fac- 
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cre cnecapa KMIIm“A oneHupannch c TOUKH 3peHHA 
aHasIu3a COBOKYIHOCTH BCeX (MakTOpOB (B TOM 
yquciIe 3PrOHOMHKH), OlpeyeaIOWMx  BbIOOp 
TIpHHWMHa UWYMO3allMTbI. OcoOeHHOcCTU BHeLIHen 
TeOMeTPHH VU PYHKUMOHAIbHBIX Y3JIOB OOOPyOBa- 
Hua Ha OOO «Onn-TereKom» He MO3BOJIAIOT CHU- 
3MTb IIYM B erO HCTOUHHKe HU B HAaCTOAIee BPeMA 
He MOryT ObITb YCOBepIIeCHCTBOBaHbI. HeBo3MoxKHa 
TakKKe YCTaHOBKa 3BYKONMOFIOMAalOMIUX OOJMIOBOK 
WM aKYCTH4eCKHX IKPaHOB, TaK KaK HeJOCTATOUHO 
MeCTa JIJIA UX pa3sMelleHusa. B sto cBa3M Wpeyia- 
raeTca TIpOBeCTH MHKeHepHO-TeXHWYecKHe Mepo- 
IIPHATHA, CBA3AHHbIC C IIPOCKTHPOBaHHeM HW MOH- 
T@KOM OOBCMHBIX 3BYKONMOMIOTHTeIeH, He 3aHH- 
MarOIlMx padouyro WIOMab M He Mellarolux pa- 
Ooyemy poreccy. 3ByYKONOrIOTUTeIM (OObeMHBIC 
Tela, 3aNlOJIHCHHbIe 3BYKOMOMIOMArOWIMM MaTepu- 
ayIOM) paciiOuararoT 110 MepHMerTpy BepxHeli YacTu 
CTCH WIM IIpUKpelsAKOT K MOTOJKY Ha OlpeyesieH- 
HOM BbICOTe HM Ha PaBHOM paccTOAHHU Apyr OT py- 
Tra — Tak, 4TOObI OHM He BINA Ha OCBeLeHHe 
paOouux MecT. 

I[poekTupoBaHne cpeCTB KOJIIe€KTHBHOM 
3aIlMTbI B BHJe WITY4HbIX 3BYKONOFIOTHTEe- 
eH. Utak, TulaTebHOe OOcIeTOBaHve MO3BOIIN- 
IO YCTaHOBUTb, YTO HCTOUHHMKOM IIyMa ABJIAeCTCA 
rpyuinma HacocoB c JBuraTeuaAMu. CooTHoeHue 
IIpeesIbHO JOMYCTHMOrO MW (aKTH4eCKOLO ypOB- 
Heli WlyMa JWI HaHHOro padoyero Mecta rpadu- 


YeCKU IIpeCTaBJIeHO Ha puc. 2. 


tors (including ergonomics) defining the choice of 
the noise protection principle. The features of ex- 
ternal geometry and functional units of the 
equipment at LLC "Oil-Telecom" do not allow us 
to reduce noise in its source and cannot be im- 
proved now. It is also impossible to install sound- 
absorbing linings and acoustic screens, as there 1s 
not enough space for their placement. In this re- 
gard, it is proposed to carry out engineering activ- 
ities related to the design and installation of single 
sound absorbers that do not occupy the working 
area and do not interfere with the working pro- 
cess. Sound absorbers (solid bodies filled with 
sound-absorbing material) are placed along the 
perimeter of the upper part of the walls or at- 
tached to the ceiling at a certain height and at an 
equal distance from each other — so that they do 


not affect the lighting of workplaces. 


Design of collective protection in the form 
of single sound absorbers. Thus, a thorough ex- 
amination revealed that the source of noise is a 
group of pumps with engines. The ratio of the 
maximum permissible and actual noise levels for 


a given workplace is graphically shown in Fig. 2. 


MPL s@ ITTY  —e—MDaxtuueckoe 3HaveHne 
Actual value 


Sound pressure level, dB 
YposBeb 3BYKOBOrO aBJIeHUA, Tb. 





500 1000 2000 4000 8000 


Yactota, [u/ Frequency, Hz 





Puc. 2. CooTHOMeHHe NpeeIbHOrO HU (PaKTHYECKOLO CIICKTPOB Ha padoyeM mecte cirecapa KMIInA 


Fig. 2. The ratio of the maximum permissible and actual spectra of the workplace 


of the instrumentation technician 
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Kak BYHO 43 pic. 2, ITYM IIpeBblilaer mpe- 
JI€JIbHO JIOIYCTUMBIN ypoBeHb (IITJ]Y) mnpakruye- 
CKM Ha BCeM JMalla30He YacTOT. DKBUBAJICHTHBIM 
YPOBeHb 3ByYKa HEOOXOJIMMO CHU3HTb Ha 6 bA. 

CorsiacHo MeToguKe [10] pacuetTa mITy4HBIX 
3BYKONOIIOTHTeIeN, HEOOXOTMMO OIIpeeIMTb 
UX ONTHMasIbHbIe MapaMeTpsI UW XapakTepHCTUKU 
Cc yueTOM cneKTpa mlyMa 110 CH 2.2.4/2.1.8.562- 
96 (Taos. 3). 


As shown in Fig. 2, the noise exceeds the max- 
imum permissible level (MPL) in almost the en- 
tire frequency range. The equivalent sound level 
should be reduced by 6 dBA. 

According to the method [10] of calculation of 
single sound absorbers, it is necessary to deter- 
mine their optimal parameters and characteristics 
taking into account the noise spectrum by SN 
2.2.4/2.1.8.562-96 (Table. 3). 

Taodsutita 3 
Table 3 


[lapaMetTpbI lryMa, y4aMTbIBaeMBbIle pu MWOAOOpe WITYYHOrO 3BYKOMOFIOTUTeIA 


Noise parameters taken into account when selecting a single sound absorber 


HanmMenosBaHnne 
Name 


YpoBeHb 3BYKOBOLPO JaBJICHHA Ha 


padouem mecte L, 4b 


Sound pressure level 87 


at the workplace, dB 


JJoIryCTUMBIM YpOBeHb Lyon, Ab 
Permissible level Lyon, dB 


CpeqHereoMeTpuueckHe 4aCcTOTbI OKTABHBIX Mooc, Cy 
Centre frequency of octave bands, Hz 


125 


87 83 81 76 70 65 


ps fo fm] ia || nm | 





TpeOyemoe cHwxKeune utyMa AL,,, 1b 4 5 5 4 
Required noise reduction ALyp, dB 


Ja ompeyesIeCHHA ONTHMAasIbHBIX TapaMeTpOB 
OOBEMHOLO 3BYKONOTIOTUTEIA IPOBOATCA MOsTatl- 
HbIe pacuerTBl. 

1. Ompegemaetca TpeOyeMoe cHwKeHHe IlyMa 
AL» = LE — Lyon. 

2. Ompeyesaerca uaia30H YacTOT, B KOTOpbIxX 
YPOBHH 3BYKOBOrO JlaBJICHHA TpeBbIMWAarOT J{OINy- 
cTumble 3HayeHua (AF = 125 — 4000 I), u pacuert- 
Had 4acToTa, B KOTOpOM OTMeYaeTcaA HanOouIbliee 
lpeBbmwenve Lyon. 

3. Onpeyzensetca Hapametp k, OObeMHOrO 3By- 
KONOMMIOTHTeIA, OOeECHeUMBAIOWIMH MaKCHMAalIb- 
Hoe 3HayecHHe 3BYKONOrIOMNIeHHA Ha YacToTe 
1000 In. 

4. BpmiouyHeHHble pacueTbl C y4eTOM JaHHBIX 
Taom. 1 u 2[10] ycraHoBusm, 4TO ONTHMasIbHbIM 
payuyc 
Toh = 15 cM. B 9TOM CiIy4ae yYHOBMeTBOpAeCTCA yCIIO- 


ccbepHyueckoro 3BYKONOLIOTHTeIA 


BHe MaKCHMyMa KOoUIMeHTa 3BYKOMOPIONICHHA 
B HanMOOJIbIeM J{Malla30He YacToT. Kpome Toro, o- 
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Step-by-step calculations are carried out to de- 
termine the optimal parameters of the solid sound 
absorber. 

1. Determination of the required noise reduc- 
tion AL, = L — Lyon. 

2. Determination of the range of frequencies 
in which the sound pressure levels exceed the 
permissible values (AF=125—4000 Hz), and the 
calculated frequency in which the highest excess 
Of Laon. 1s Observed. 

3. Determination of the parameter k, of the 
solid sound absorber, which provides the maxi- 
mum value of sound absorption at a frequency of 
1000 Hz. 

4. The performed calculations together with 
the data in Tables 1 and 2 [10] revealed that the 
optimal radius of the spherical sound absorber rc 
= 15 cm. In this case, the condition of the max1- 
mum of the absorption coefficient in the highest 
frequency range is satisfied. In addition, the op- 





CTHTakOTCA OLITHMaJIbHbIe 3HAYeCHUA AKTHBHOM 
peaKTHBHOM COCTaBIIAKOMIMX UMiezaHca Ro = 0,83 
u Yo =—0,56. 

5. HawuOosee MOAXOAAMIIMM 3BYKOMOrIOMat1o- 
IMM MaTepHasIOM JIA IpOeCKTHpyeMOro 3BYKO- 
TIOMIOTHTCIA ABIIAKOTCA TJIMTbI W3 WITalesybHOrO 
0 = 50 MM, 
HocTb, y = 40 — 60 Kr/M’), y KOTOPbIX 3Ha4YeHHA 


CTCKJIOBOIOKHa = (TOMA, IJIOT- 
COOTBETCTBYFOINMX MMMeaHCOB OJIM3KH K OMTH- 
M@JIbHBIM, OIIpeIeJICHHbIM Ha Ilare 4. 

6. B kayecTBe 3alMTHOrO HOKpbITHA MOr0- 
THTeJIA BbIOpaHa CTeEKIOTKaHb Tuna J1-100. 3Ha- 
YeCHHA COCTABIIAIOIIMX MMieqaHca CTeKIIOTKaHu 
Ry “U Yy UW CYMMapHble 3Ha4eHHA COCTABJIAFOIIMX 


uMieyaHca YyCTpOMcTBa oOlpeyeueHbI corac- 
HO[I1]. Pesynprarbr pacueToB cCBeyeHbI B 
TaOu. 4. 


timal values of the active and reactive compo- 
nents of the impedance Ro = 0.83 and Yo = -0.56 
are achieved. 

5. The most suitable sound absorbing material 
for the designed sound absorber are plates made 
of staple glass fiber (thickness 6 = 50 mm, densi- 
ty y = 40-60 kg/m’), in which the values of the 
corresponding impedances are close to the opti- 
mal ones defined in Step 4. 

6. Fiberglass type 91-100 is chosen as a pro- 
tective coating of the absorber. The values of the 
components of the impedance of fiberglass Ry 
and Yy and the total values of the components of 
the impedance of the device are determined ac- 
cording to [11]. The results of calculations are 
summarized in Table. 4. 


Taommuua 4 
Table 4 


3Hauennua R,, 4 Yy B OKTABHBIX MOOCax 


Ry and Yy values in octave bands 


Ooo3HayeHHe 
Notation 


VMmunreyauc 
Impedance 


CpeyIHereoMeTpuyeCcKHe YaCTOTbI OKTABHBIX 
nosoc, I 
Centre frequency of octave bands, Hz 


Ee 


Umneyanc mutT 43 WTanesib- 

HOrO CTeCKJIOBOJIOKHa TOMI: 

Hoit 50 mM, y = 40 — 60 xr/m 

Impedance of the staple fiber 

plates of thickness of 50 mm, 
y = 40 — 60 kg/m’ 


Vmmenqauc cTeKIOTKaHH 
mMapku 91-100 
J1-100 fiberglass +, — 


MmieyqaHc KOHCTpyKIIMH 
The design impedance 


JlasIbHeMIne BhIYMCJICHHA C TMOMOLIbIO IBM 
NMO3BOJIMIM ONpeseIMTb POPMy LWITYYHOLO 3By- 
KONOFIOTHTeIA B BUe KyOa CO CTOPOHOH pedpa 
24 co (puc. 3). 


DpPs-. 





Oourna 


ror [os [12 [os [os [1 [126/143 


— — 


| OR, | 0,44 


Soa eee ae gra 


Further calculations with the help of a com- 
puter allowed us to determine the shape of a sin- 
gle sound absorber as a cube with the edge side of 
24 cm (Fig. 3). 


-ru 





w V V \/ 





Puc. 3. Moyenb OObeEMHOLO 3BYKONOLIOTUTeA 


Fig. 3. Model of solid sound absorbers 


3BYKONOMIOTHTeIb BbITIOJHeCH 3 WIT WTa- 
Tle€bHOTO CTeKIOBONOKHa TONUIMHOK 50MM 
(y = 40-60 kr/m’) c 3alMTHBIM TOKpBITHeM 13 
crekoTKaHH 91-100. OObeKTHI pa3MeleHbI Ha 
moTomKe. PaccrosHue MexK]yY UX TreoMeTpuye- 
CKMMM leHTpaMu /, = 0,86 M. Pa3qeuMB MWIOMab 
TOTONKAa Syor Ha WIOWAab 30HbI BIIMAHMA MOr0- 
THTeA, BbIMCHHM, CKOJIbKO WITYK HeOOxOHMO 
JIA WaHHoro nomMemenna [10]. B qaHHom ciryyae 
TWIOWatb 30HbI BIIMAHHA paBHa h, = 0,75 M. 


2 
IInomayqb MoTOIKa paBHa Syor = 75 M’. HeoOxo- 
WMMoe 4uncno nmormoTuTenen — 60. Cxema ux 
pa3MelleHua IpeycTaBsieHa Ha puc. 4, 5. 


- g--m--5 
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The sound absorber is made of 50 mm thick (y 
= 40-60 kg/m”) staple glass fiber plates with a 
protective coating of 91-100 fiberglass. The ob- 
jects are placed on the ceiling. The distance be- 
tween their geometric centers /;, = 0.86 m. Divid- 
ing the ceiling area S,.; on the area of a sound ab- 
sorber influence, we find out how many pieces 


are needed for this room [10]. In this case, the 
area of influence is h? = 0.75 m’. The ceiling ar- 
ea is equal to Spor = 75 m’. The required number 


of absorbers is 60. The scheme of their placement 


is shown in Fig. 4, 5. 





Puc. 4. [Ian pa3mMemjeHuad OOBeEMHBIX 3BYKONOPIOTUTeIeH 


Fig. 4. Scheme of placement of solid sound absorbers 


9://bps-journa 





ru — 











aE ma, ~» 
ii 


Aa \'a 
LTD 
ie | i 

| 


\ 
I 
Pe) 


wn 
a | 


-“ 
~ 


: 
‘eh 





I 


Puc. 5. Mogesb pa3MelleHia OOBEMHBIX 3BYKONOFIOTUTeIeH 


Fig. 5. Model of placement of solid sound absorbers 


CpaBHeHuve lpeyeubHOrOo UW dakTH4eCKOrO 
CI€KTpOB IlyMa [OKa3bIBaeT MOTeHIIMasIbHYy!O 
HOPMaJIM3alM1O ITYMOBOM OOcCTaHOBKH Ha padouem 


Mecte cylecapa KUMI MA (puc. 6). 


MPL ~@rUAY = —*—- Paxtieckoe 3Ha4eHHe 


Actual value 


Sound pressure level, dB 
YpoBeb 3BYKOBOrO aBJIeHUA, Tb. 


The comparison of the maximum permissible 
and actual noise spectra shows the potential nor- 
malization of noise situation in the workplace of 
the instrumentation technician (Fig. 6). 


—@®—[locie BHenpeHna 
After the introduction 





500 1000 2000 4000 8000 


Yactota, Iu/ Frequency, Hz 





Puc. 6. PacueTHbIM ypoBeHb 3BYKOBOrO aBJICHHA MOCIIe BHEAPeCHHA CpeJICTBAa 3allUTHI 


(OOBeCMHBIX 3BYKONOLIOTHTeeH) 


Fig. 6. The calculated sound pressure level after the introduction of the protection means 
(sound absorbers) 


3ako4ueHHe. CucTeMa OOBeEMHBIX 3BYKOIO- 
TIOTUTeEIeH MO3BOJIACT CHH3UTb YPOBeHb IlyMa 
Ha paOouem mecte ciecapa KMIIMA fo mpezens- 
HO JOMNYCTMMBIX 3HaYeHHH. PacueThI, BbIMOJIHeH- 
Hble B paMKax JaHHOTO HCCIeEOBAaHHA, MOKa3BI- 
BalOT, 4TO IPH paBHOMepHOM pacripeyeseHun 
WecTHAecaATH OOBEKTOB Ha MOTOIKe YCOBHA 


Tpyqa B TOMeleHHuH yuyullatcaA c 3-ro KIIacca 
(BpeHbIe) WO 2-ro KIacca (JOMyCTHMBIe). 





=a a 


Conclusion. The system of solid sound ab- 
sorbers allows us to reduce the noise level in the 
workplace of the instrumentation technician to the 
maximum permissible values. The calculations 
performed in the framework of this study show 
that with a uniform distribution of sixty objects 
on the ceiling, working conditions in the room 
will improve from the 3rd class (harmful) to the 
2nd class (acceptable). 
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IIpopegzeHue ONMCaHHbIX MeponpuATHH oOec- 
II€UMT Oe30NaCHOCTb Tpyja UW TaKMM O00pa30M Co- 
XPaHHT %KW3HH UW 320poBbe padotaromumux. Ha 
IIPOW3BOJCTBe COKpaTHTCA U4UMCIO HeCUaCTHBIX 
ciydaeB HW 3a00/1eBaHuH. biraroyapsA UCIOb30Ba- 
HHO OOBECMHBIX 3BYKOMOMIOTHTeIeH CHWKaeTcA 
He TOJIbKO ypOBeCHb 3ByKa, HO HU YTOMJIACMOCTb 
TlepcoHasla, MOBbIMmMAeTCA MPOM3BOAMTeJIBHOCTh 
Tpya. 
HallpaBsieHa Ha COBepIICHCTBOBaHHe BbIMHCIIe- 


JjanbHeviinad padoTta OJDKHa OBIT 


HUM, KaCarolluxCA CHCTeMbI 3BYKONOIIOTUTEeH. 
Kpome Toro, HeoOxXOHUMO paccMOTpeTb IIOTeH- 
Mall COBPCMCHHBIX 3BYKONOFIOMaFOMIMxX MarTe- 
puasoB, B TOM 4uCIIe CHOMCTOrO TUTTI. 
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Carrying out the described activities will en- 
sure safety and thus save the lives and health of 
the workers. The number of accidents and diseas- 
es at work will be reduced. Due to the use of solid 
sound absorbers, not only the sound level is re- 
duced, but also the fatigue of the personnel, labor 
productivity is increased. Further work should be 
aimed at improving the calculations relating to the 
sound absorber system. In addition, it 1s necessary 
to consider the potential of modern sound- 


absorbing materials, including layered ones. 
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Ha ocHoBe aHasIv3a pacCMaTpHBaeMOH CHCTeMBI 


«OObeEKT — (akTOpbl — 3allluTa — paOoTHHK» 
COCTaBJIeHa JIMHIBUCTHYeCKad MOJIeuIb TMpoNciiie- 
CTBHA. YCTaHOBJICHO COOTBeETCTBHe OIMCaHHBbIX 
IIPOMCIUeECTBUH OMaCHOCTAM, TpeACTaBJICHHbIM B 
«THMOBOM TO0%KeHHH O CHCTeMe ylIpaBJIeHHA 
OxpaHon Tpyqa (CYOT)». [locrpoeHa joctToBep- 
Had JIOTMYeCKad MOJCJIb MPOUCIIeCTBUA C yY4eTOM 
CTATHCTHYECKU OLPeeJICHHbIX BeEPOATHOCTeH BO3- 
HHMKHOBeCHHA ero TipewwoOcbuIOK. PaccMoTpeHbI Ma- 
PaMeTpbI BOCHPHUMUYMBOCTH YeOBeKa HU KpUTepuu 
IIPCBBIIMCHHA, XAPAKTepH3yrFOWIMe BepIIMHHbIe UC- 
xobl. Ilyrem mpeoOpa30BaHHa JIOrM4YeCKON MOJIe- 
IM IIPpOUCIUIeCTBUA B BO3MOXKHOCTHY!O (OpMy ObIIa 
IIpOM3BeeHa OIeHKa UM MOUYYeHbI 3HAaYeCHUA BO3- 
MOXKHOCTHOM Mepbl peasv3allMH BepIUMHHbIxX HC- 
XOJIOB. 


Kur0ueBble CJ10Ba: JepeBooOpabaTbiBalollni ex, 
NIMHTBUCTHYeCKad MOelIb, BePIIMHHbIM UCXOL, 
CYOT, mormyueckasd MOJeIIb 


Bpeyenne. JlepepoodpadaTbiBalolui ex UMe- 
eT CTOJAPpHOe OTeNeHHe, B KOTOPOM HMerIOTCA 
CTaHKH, TMO3BOJIAKOMIMe OCYIICCTBIATb paciIHsIOB- 
Ky, CIpy2KKy CO BCe€X CTOPOH H Ha yrou, WLIMos- 
Ky. TexHONOrMueckuit IIpolecc COCTOMT H3 CJle- 
MYIOWUX 3TAaMOB: MOCTyIIeHve MHIOMaTepnasa Ha 
lipHpe3HOW CTaHOK; pacliWJIOoBKa; MOCTyIiIeHue 
IIMJIOMatTepHasla Ha (yrOBasIbHbI CTAHOK; CHATHE 
CTpyKKUH; WHMdoBKa; MOyYeHve TOTOBOTO H3J1e- 
nua. Lenb¥o WaHHOU padoTh ABJIAeTCA OlIpeyese- 
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DEVELOPING A UNIFIED LOGICAL 
MODEL OF WORKERS’ UNJURIES 
UNDER THE INFLUENCE OF 
WOODSHOP NEGATIVE FACTORS 
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A. I. Gnatko 
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Lvica.inna @ yandex.ru; 

enatko.alexand@mail.ru 

A linguistic model of accidents is developed on 


the basis of the analysis of the system "object — 
factors — protection — worker". The paper de- 
termines the correspondence between the de- 
scribed accidents and the dangers presented in 
"Model Regulations on Occupational Health and 
Safety Management System (OHSAS)". The 
authors have built an accurate logical model of 
accidents given statistically defined probability 
of occurrence of their preconditions. The paper 
describes susceptibility parameters of a person 
and excess criteria that characterize apical out- 
comes. By conversion of a logical model of ac- 
cidents in its possibilistic form the estimation 
was made and the values of the possible meas- 
ure of apical outcomes implementation were ob- 
tained. 


Keywords: woodshop, linguistic model, apical 
outcome, OHSAS, logical model. 


Introduction. A woodshop has carpenter’s 
shop in which there are machines allowing to 
saw up, to plane in all directions and on a cor- 
ner, to grind. The technological process consists 
of the following stages: receipt of lumber on the 
cutting machine; sawing; receipt of lumber on 
the jointing machine; removal of chips; grind- 


ing; obtaining the finished product. The aim of 
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HWe BO3MOXHOCTHOH Mepbl TaKHX MPONcilecTBu 
Kak Tlope3 MasIblla, MOBpexTeHuve r1a3a UW MHEBMO- 
KOHHO3 padoTHukKa [1]. 
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this work is to determine the possible measure 
of such accidents as finger cut, eye damage and 


pneumoconiosis of an employee [1]. 


B cTONApHOM OTJeeHHH JepeBoodOpabaTpIBa- In a carpenter’s shop of a woodshop there 


rollero Wexa WMMerFOTCA cyIezyrollMe BpeHbIe U 
a . are the following harmful and dangerous factors: 
onacHble (akTOpBI: 


— excessive dust in the air of working zone: 
— TIOBbIINCHHAA 3alIblICHHOCTb BO3Jtyxa pado- 8 , 


yei 30HBI; — moving parts of production equipment; 


— TOJBYOKHbIe YaCTH NPOM3BOJCTBeEHHOrO 060- — moving products, workpieces, materials 


pytoBaHug; [2]. 


— HepeABHrarOummecdA MSACIMA, 3aPOTOBKH, Ma- Taking into account these factors, a linguistic 


Tepuast [2]. model of an accident was drawn up. 
C y4eToM JjJaHHbIx PakTOpOB OblIa CocTaBIeHa 


JIMHTBUCTUYICCKadt MOJCJIb IIPOMCIICCTBYA. 


Jlepepoodpadotka 
Woodworking 


HInucdosaHue 3aroTOBKu 
Grinding of the workpiece 


CTporaHue 3arOTOBKU 
Planing the workpiece 


PacnwJIoBKa 3afOTOBKH 
Sawing of the workpiece 


OOpa30BaHHe CTpy2KKH 
Chip formation 


OOpa30BaHHe NBII 
Dust formation 


IlonmayqaHue pyKu B 
padouyro 30Hy 
Hand contact with working 


area 
BuprxaHve Tribu 


IloppexqeHne r1a3a 
Inhalation of dust 


(KOHTY3H41) 
Eye damage 
(contused wound) 


DryOoknii TWope3 nNasibia 
Deep cut of a finger 


IIpod. 3a00neBaHne 
(IIHEBMOKOHHO3) 
Occupational Disease (pneu- 
moconiosis) 





Puc. |. JImarsuctuyeckasd MOsesIb IpONcIiecTBHA 


Fig. I. Linguistic model of an accident 
IIpu pacimsiopke mu1OMaTepuvasa pu OTCyT- When sawing lumber in the absence of col- 


CTBHM CpeJCTB KOJWICKTHBHOK 3all[MTbI padounii lective protection equipment a worker can get a 


MOXKET MOMYIMT rryOoKuM Nopes Mamba. Kpo- deep finger cut. In addition, during the pro- 


Me TOTO, Ip OOpadoTKe MMIOMaTepuasia Ha Py- . 
2 UP P P by cessing of lumber in planer there are chips, 


TOBAJIBHOM CTaHKe OOpa3yeTca CTpy2xKKa, KOTOpaA ae 

which may get near the face. In addition, when 

MOXKeT WOMmacTh B OOJacTb JHIla. Kpome 9Toro, 
rinding there is fine dust, which in contact with 

pH wuudoBaHuu OOpa3yeTcaA MeKOTMCHepcHad S S 


bib, KOTOpad pH NWomayaHuv B DbIXaTesIbHBIe the respiratory tract causes irritation and can 


ITYTH BBI3bIBAeT pasqpaxkeHHe HM MOXKET MpuBecTH lead to occupational diseases. 


K Ipod3a0oueBaHHaM. According to the "Model Regulations on Oc- 
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CormacHo «TWMOBOMy IIOJIO*KeHUIO 0 CHCTeMe 


ylipaBIeHua OxpaHon Tpyya (CYOT)», B kKaye- 
CTBe ONacHOCTeH, MIpeCTAaBIIAFOINMX YIpoO3y %*«3- 
HH UW 30PpOBbrO paOoTHuKa, BbIOMpaeM CJIeyrO- 
ljHe BepIIMHHbIe HCXOJBI: 

UCXOJ,| OT pa3pe3aHuA, OTPpe3aHHA OT BO3]eH- 
CTBHA OCTPbIX KPOMOK IPH KOHTAaKTe C He3alllu- 
I{CHHbIMU y4acTKaMyH Tela; 

UCXOJ, OT BO3HCHCTBUA Me€XaHH4ecKOro ylIpy- 
TOro 9JIEMeHTA; 

WCXOJ, MNOBPexXTeCHHA OpraHOB JbIXaHvA 4a- 
CTMIaMy WH [3]. 

Jlormueckan MOJIeJIb IponciiecTBHA. 
HecuacTHbilt clryyait u mpodeccuoHalbHoe 3a00- 
nmepaHue: Y = y; V y2 V y3 [4-5] 

BepumuHupiit ucxoy |. 


Vr = (%11 V X42) A X43, (1) 


rye X44 — otcytcTBue CH3; 

X12 — oTcytcTBue CK3 (orpaxyzeHne); 

X43 =T> TAY, — ycnosue npu KOTOpOM 
Ipou30nyeT rryOOKHM Wope3 pnw TWpeBsImMeHuu 
peyesIbHO-OmycTuMoro yposHa IIJ[¥, Hanmpsa- 
*KCHUA HA Cpe3T, X13 = 1. 

BepituvHHbii ucxoy 2. 


V2 = X21 NX22; (2) 

rye X21 — orcytctBpue CU3 (3alMTHBIe o4- 
KM); 

Xoo = P > WAY. — ycnospue nopaxenna ryia- 
3a CTPyYKKOM, KOTOPOe MPOUCXOMT Ip IIpeBsl- 
IeHHH WpeeubHO-yomycTumMoro yposua IIAY, 
MMITYJIbCHOrO JaBieHud P, X22 = 1. 

BeplumMuHHbitt ucxor 3. 


V2 = (X31 V X32) AX33, (3) 
rye X31, — otTcytcTBue CV3 (pecruparop); 
X32 — oTcyTcTBue CK3 (koxK yx); 

X33 =n> HAK, — ycnopuem noswyyeHna 
paOoTHHKOM Tpod3aboueBaHua OyeT NpeBbIile- 
Hue T1pe{eIbHO-JOIyCTHMOH KOHIeHTpalnu 
IK, BpeqHoro BelllecTBa nN HU JWIMTeJIbHOCTb 
BO3SJCMCTBHA, X33 =1 [6]. 
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cupational Health and Safety Management Sys- 
tem (OHSAS)", the following apical outcomes 
are chosen as hazards that pose a threat to life 
and health of an employee: 

outcome from cutting, cutting off from the 
impact of sharp edges in contact with unprotect- 
ed areas of a body; 

outcome from a mechanical elastic element; 

outcome from respiratory injury by dust par- 
ticles [3]. 

Logical model of an accident. Accident and 
occupational disease: Y = y; V y2 V y3 [4-5] 


Apical outcome 1. 


V1 = (%q1 V X42) A X43, (1) 


where x,;, — absence of PPE; 

X12 — absence of CPE (screen); 

X43 =T > WAY, — the condition in which 
there happens a deep cut when exceeding the 
maximum permissible level MPLi of pressure 
on the cut T, x33 = 1 

Apical outcome 2. 

V2 = X21 NX22, (2) 


where Xx», — absence of PPE (safety glass- 
es); 

Xo7 = P>HAY, — the condition of eye 
damage by chips, which occurs when exceeding 
the maximum permissible level MPL2 of pulse 
pressure P, Xz2 = 1. 

Apical outcome 3. 


V2 = (%31 V X32) AX33, (3) 
where x_31 — absence of PPE (respirator); 
X37 — absence of CPE (cover); 

X33 =n > HAK, — the condition for ob- 
taining occupational disease by an employee 
when exceeding the maximum permissible con- 
centration MPC, of the harmful substance n and 
the duration of exposure, x33 =1 [6]. 
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I[peoOpa30Banne JIOrM4eCcKOH MOeJIN B He- 
YUeTKYIO (BO3MOXKHOCTHYI0) MOJICJIb. 
BeptiuuHuHpit ucxoy |. 
Pos (y, = 1) = min(max(7,,,;7x,,) 31x43)» (4) 
re Ty,, = Pos (t > IIAY,). 
BepituvHHbit ucxoy 2. 
Pos (y2 = 1) = min(7y,,; 1x,,)) (5) 
rye T,,, = Pos (P > NAY>2). 
BepmivHHbiit ucxor 3. 
Pos (y3 = 1) = min(max(zty,,, Tx,,) ; Tx.) (6) 
re Ty,, = Pos (n > IK). 
Bo3MOxKHOCTHadA Mepa peasM3alMu BepIIvH- 


HbIX HCXOJIOB: 


Pos = max(min(ma Ri ite) Pie) (7) 


mi n(x, ; Thx, ) ; min(max(tx,,, ; Thx, ) 5 Ty. 


Transformation of a logical model into a 


fuzzy (possibilistic) model. 


Apical outcome 1. 
Pos (yy = 1) = min(max(7,,,; 1x, ) 3x43)» (4) 
Ty, = Pos (t > HAY,). 


Apical outcome 2. 


where 


Pos (y2 = 1) = min(y, 3x5.) (5) 
Ty,, = Pos (P > ITAY>2). 


Apical outcome 3. 


where 


Pos (v3 =1) = min(max(Zy,,3 Mx.) } Taq), (6) 
where Ty,, = Pos (n > IIK}). 
Possible measure of the implementation of 

apical outcomes: 


Pos = max(min(ma KM? Wes) 3 Te) (7) 


ml n( Ty. Tx») , min(max(Tx,.,; Trx39 ) ) Tlx33. 


Taodnuua | 
Table 1 


IlapaMeTpbI BOCIIPHHUMYMBOCTH YesOBeKa MU KPUTepHu IpeBbIMNIeCHHA, XapAaKTepH3yrOMlMe 
BepINMHHbIe UCXOJIbI 
Susceptibility parameters of a person and excess criteria characterizing apical outcomes 


HaumMeHosaHie (pak- 


TOpa UM ero Mapamet- 
Homep 


(bakTopa 
Factor 


pa: o003Ha4eHHe, 
pa3MepHOcTB 

Name of the factor 

number 

and its parameters: 


notation, dimension 


Ilopes, 
Cut 
SuZzriy 
r1,=0,5 Mua 
(MPa) 


HarpsKeHne cpe3a, 
Muna 
Shear stress, MPa 


OnllyTHMbIn 
3xdexkT TelicTBusA 
Ha IIOO nam 
OHOBU 
Perceptible effect 
on PHO or 
biospecies 


KputTuueckul 
3bbekT TevicTBuA 
Critical effect 


SHadMTesIBHbIN 
3xdekT TevicTBuA 
Significant effect 


OTpe3aHue, 
Cutting off 
§132113 
r13=10 Mna (MPa) 
513=6 Mna (MPa) 


TryOokuii mopes, 
Deep cut 
S127 112 
rj2=5 Muna (MPa) 
S2=6 Muna (MPa) 


511=6 Mua (MPa) 


Pa3yqpaxKeHHe, 
Irritation 


VMmiryIbcHoe aBsie- 
Hue, Ila 


Pulse pressure, Pa 
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S212 121 
rn,=3 Ila (Pa) 
$5,=6,8 Ila (Pa) 





Pa3pylleHve 
raza, 


IloppexqeHue riia- 
3a (KOHTY3H4), 
Eye damage (con- 
tused wound), 


Eye destruction 
$232 121 
r23=/ Ila (Pa) 
523=6,8 Ila (Pa) 


S227 122 
rn7=5 Ila (Pa) 
§29=6,8 Ila (Pa) 


3aTpyqHeHue 


AbIXaHHA, 


Difficulty 


KoHueHTpallva IbI- breathing, 


3 
ym, MI/M $312 13] 
Dust concentration, 


mg /m m) 


53;=6,25Mr/M> 


(mg /m’) 


HatpskeHue cpe3a HaxOJMM 3 YyCJIOBUA 


IIPpOUHOCTH: 
Q 
Top = 7 (3) 
cp Rey. 
Te Top — HallpsKeHne cpe3a, Mna; Q — no- 


nepeynaa cua, H; F,, — miouatb cpe3a, M*[7]. 
UmiynpcHoe aBienve ObLI0 NOy4eHO U3 3a- 
KOHa COXpaHeHHA KOJIMYECTBA JBUKeHHA: 
mv 


mv =At:P>->o0 =P=—, 
At 


(9) 


rae P — ymnysscHoe jzapnenue, Ila; At — 
JJIMTeCJIBHOCTh BO3XCHCTBHA, C; m Macca 
CTPpyKKH, KI}; V — CKOPOCTb cCTpyxKKH, M/ c*: 
At:mv = At-P >a =P =. 

J|It MONyYeHHA BO3MOXKHOCTHONM MepbI Tpex 
BepIIMHHBIX UCXOJIOB pacC4uMTbIBaeM TIOrpelll- 
HOCTb CpeJICTB U3MepeHuA UW MOrpemmHocts CH3, 
IIPHBeJCHHbIN 3allac Oe30MacHOCTH, MOJyYeHHbIe 


3HayeHHA 3aHOCUM B TaOIIMIy 2. 


n>6 mr/M? (mg / 





Ojpliuka, WoTeps 

CO3HaHHaA, 3a007eBaHne 
Shortness of 

breath, loss of 


CONSCIOUSNESS, 


(IIHEBMOKOHHO3), 
Occup. disease 
(pneumoconiosis ), 
$332 133 
n>600 mr/M 


(mg /m’) 


$327 132 
n>60 mr/M 
(mg /m’) 
§32=6,25 Mr/M> §33=6,25 Mr/M> 

(mg/m) (mg/m) 
The shear stress is found from the strength 


condition: 
Q 
fon = (8) 
where T.,) — shear stress, MPa; Q — transverse 
force, H; F, — shear area, m7[7]. 
The pulse pressure was obtained from the 
law of conservation of momentum: 
Vv 


mv = At:P 370 =P=—, 
At 


(9) 
where P — pulse pressure, Pa; At —duration of 
exposure, s; 7 —chip mass, kg; v —chip speed, 


m/s*; At: mv = At‘-P >g = P= 


mv 


At © 

To obtain a possible measure of the three ap- 
ical outcomes, we calculate the error of measur- 
ing instruments and the error of PPE, the safety 
margin, the obtained values we put in Table 2. 


Taodsutta 2 
Table 2 


McxoyHpie JaHHbIC HW paCueCTHble 3HagqeHusA BO3MO2KHOCTHOU MeCpbI Tpex BCPUIMHHbIX UCXOJIOB 


Initial data and calculated values of the possible measure of three apical outcomes 


BUS. 


BH2. 


BUI. 
TsryOokuii nope3 
AO 1. 


IloppexqeHne r1a3a 
(KOHTY3H4) 


IITpod3a0o0neBaHue 
(IIHEBMOKOHHO3) 
AO 3. 


AO 1. 


Deep cut 


Deep cut 
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Occupational disease 
(pneumoconiosis) 





Puc. 2. Bo3Mo2#KHOCTHAaA peasIn3allHA Tpex BepIIIMHHbIX UCXOJOB 


Fig. 2. Possible implementation of three apical outcomes 


Bo3MOx%KHOCTHad Mepa pealiM3alluH BeprIvH- 
HOrO HCXOa B BUe BPCMeHHOM YyTpaTbI padoTo- 
cCHocoOHOCTH UM TouwyIeHuA Tpod3adoueBaHud 
MOXKeT ObITb BBINHCJICHa Kak 

Pos = max(min(max(1; 0,81) ; 0,38) ; 
min(0,81; 0,62) ; min(max(1; 0,81) ; 0,37) = 
max(0,38; 0,62; 0,37) = 0,62. 

B pe3ylbTaTe aHaiM3a Id 3aaHHOW TexHH- 
YeCKOM CHCTeMbI Oba MOCTpOeHa JIMHTBUCTHYe- 
cKaai# W JIOrM4ecKad MOJeJIM MpouciiiecTBuH, Ha 
OCHOBaHHHM KOTOPbIX ITyTeM peoOpa30BaHHA B 
BO3MO%KHOCTHY!IO (OPMYy MOJIYYeHbI CieayromMe 
3Ha4YeHHA BO3MO%KHOCTHOM Mepbl peasM3alluu 
BePIIMHHbIX HCXOJOB: 

BUI. Payooxun ropes — 38 %; 

BU2. Tloppexgenue ria3a (KOHTy3u4) — 
62%; 

BU3. Ipod3ab0neBanue (MHEBMOKOHHO3) — 
37 %. 

3akuIo4ueHne. B pe3ylibTaTe UccieqOBaHHA 
JIA TEXHM4CCKOM CHCTeEMBI «IIedb — OTIIMBKa — 
paOoTHHK> ObIIM BBIABJICHbI HauOosIee XapakTep- 
HbI¢ BpeyHbIe HU OMaCHble IMpOW3BOJCTBeHHBIe 
(bakTOPbI, MPHBOAAMIMe K pa3zIM4HOTO pola Ipo- 
UCIIeCTBHAM, HM TMOIY4eHbI Culezyrollwe 3HadeHHA 
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The possible measure of implementation of 
an apical outcome as a temporary loss of produc- 
tivity and getting an occupational disease may be 
calculated as 

Pos = max(min(max(1; 0,81) ; 0,38) ; 
min(0,81; 0,62) ; min(max(1; 0,81) ; 0,37) = 
max(0,38; 0,62; 0,37) = 0,62. 

As a result of the analysis for a given tech- 
nical system, a linguistic and logical accident 
model was built, on the basis of which the fol- 
lowing values of the possible measure of the im- 
plementation of apical outcomes were obtained 
by converting into a possible form: 

AO1. Deep cut — 38 %; 

AO2. Eye damage (contused wound) — 62%; 

AO3. Occupational disease (pneumoconiosis) 
— 37 %. 


Conclusion. As a result of research for the 
technical system "furnace-casting-worker" the 
most characteristic harmful and dangerous pro- 
duction factors leading to various kinds of ac- 


cidents were revealed, and the following values 
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BO3MOXKHOCTHOHM Mepsl peasm3anun BU: of possible measure of AO implementation were 
BU1 (ucxog oT TemmoBoro yaapa) — 23 %; received: 
BU2 (ucxoy oT O*kOra pOroBuubl ra3a) — AO | (heat stroke outcome) - 23 %; 

20 %; 


AO 2 (outcome from cornea burn) — 20 %; 


BH3 (ucxog oT oTpapienua) — 42 %; AO 3 (outcome from poisoning) - 42 %; 
ORO F OROUL ME ANCHE) ls 20: AO 4 (outcome from forearm burn) — 14 %. 
Bo3MOXxKHOCTHAaA Mepa ToTe adoTocr0co6- 

iin a ™ ian L The possible measure of the worker's loss of 
HOCTH paOOTHHKOM B 3ajJaHHOM TeEXHHYeCCKON CH- 


cTeme coctapnaert 42 % productivity in a given technical system is 42%. 
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IIPAMEHEHHE JIOTMKO- 
BO3MO?2KHOCTHOLO METOJIA JIA 
IKCINPECC-ONEHKH BEPOATHOCTH 
IIPOMCHIECTBHA B MHOrO®AKTOPHOH 
TEXHMYECKON CHCTEME 
CTAJIEJIATEHMHOTO WEXA 


FO. B. Ecunoe, E. B. [Wexuna, B. B. Macaenckuu 


JJoHCKON rocyapcTBeHHbIM TeXHHY4eCKHU 
yHuBepcuterT, r. Poctos-Ha-Jlony, Pocculickaa 
Deylepalna 


yu-yesipov5 @ yandex.ru; 

n1923 @donpac.ru; 
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B wWemax co3qaHHA MaTpHIbI CTaHapTHbIx JIOr- 
yeCKHX WM MapaMeTpHuecKux MOeen IMpoUcitite- 
CTBHM WU aBapvii, OMMCaHHbIX B COOTBETCTBHU C 
«THMOBbIM TMOJIOKCHHEM O CHCTeMe yiIpaBJIeHHA 
oxpaHow Tpygza (CYOT)», mpoaHamm3upoBaHa 
MHOroWakTopHad TexHuyeckad CHCTeMa «qIeub — 
OTJIMBKa — paOOTHHK» [aBYJIbHO-3aJIMBOUHOTO 
yuacTKa cTajlemuTevHoro exa. B  pe3yibrare, 
YUMTHIBAA ONIpesesIeHHble CTATHCTH4eCKHUM METO- 
JIOM BepOATHOCTH BO3HHKHOBeCHHA TIPeIMOCBIIIOK, 
MOCTpOeHbI JIOrM4eCcKHe MOJeIM MpOncIIecTBHH, 
Ha OCHOBaHHH KOTOPbIX Oba MpOu3BeeHa OILeH- 
Ka BO3MO%XHOCTHOM Mepbl pealH3allun BepIInH- 
HbIX UCxo0B (BUM) Ha ypoBHe ZOcTHrHyTOH mpu- 
OnmxKeHHocTH. Jia BM c yyerom rurnMeHuyeckux 
HOPMaTHBOB ~==CcOCcTaBJIeHa TaOIMIa WMHTepBasIOB 
3HAYeHHU MapaMeTPOB BO3JICHCTBHA UH BOCIIPHUM- 
4HMBOCTH B IWITATHbIX HW aBaPHMHbIX YCIOBUAX padvo- 
TbI CHCTEMbI, a TaK2#Ke MOCTPOeHa BO3MO2KHOCTHAA 
(bopMa dyHKiHWu peasru3anun BU, temonctpupy- 
folllad CTeMe€Hb OTKJIOHCHHA MapamMetTpa BpesHOrO 
(OlacHOro) (bakTOpa OT HOPMATHBHBIX 3HaveHHH. 


Ku1r0ueBbie CJIOBa: TEXHH4YeCCKad CHCTeMa, JIMHT- 
BHUCTHYeCKad MO eJIb, BEPIIMHHbIM Ucxon, CYOT, 
JIOTM4eCKAaA MOJICIIb 


Bpejenne. B kayectBe oObeKTa UCCIeOBaHuA 
aBTOpaMH Oba BbIOpaHa TexXHuYecKad CHCTeMa 
«meub — OTJMBKa — paO0OTHHK» IJIaBYJIbHO- 
3aJIMBOUHOTO y4acTKa CTasleMTevHoro wexa Ne 40 
OOO «IIK HOB3», rae npou3BoguTca 327 BUAOB 


UDC 614.87 
DOT 10.23947/2541-9129-2018-3-4-52-63 


APPLICATION OF LOGICAL-AND- 
POSSIBILITY METHOD FOR RAPID 
ASSESSMENT OF ACCIDENT PROBA- 
BILITY IN A MULTIVARIABLE 
TECHNICAL SYSTEM OF THE STEEL 
FOUNDRY 


Y. V. Esipov, E. V. Shchekina, V.V. Maslenskiy 


Don State Technical University, Rostov-on-Don, 
Russian Federation 


yu-yesipov5 @ yandex.ru; 

n1923 @donpac.ru; 
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In order to create a matrix of standard logical 


and parametric models of accidents and emer- 
gencies described in accordance with the "Mod- 
el Regulations on Occupational Health and Safe- 
ty Management System (OHSAS)", the paper 
analyzes multivariable technical system "furnace 
— casting — worker" of melting and casting site 
of the foundry. In the result, taking into account 
probabilities of preconditions occurrence found 
by the statistical method, the authors have built 
logical models of accidents on the basis of 
which has been made the assessment of possibil- 
ity measures of implementation of apical out- 
comes (AQ) at the level of the degree of approx- 
imation. For AO given hygienic standards, a ta- 
ble was drawn up of intervals of influence and 
susceptibility parameters values in normal and 
emergency system conditions. The possibility 
form of function of AO implementation showing 
the degree of deviation of the harmful (danger- 
ous) factor parameter from the standard values 
was built. 


Keywords: technical system, linguistic model, 
apical outcome, OHSAS, logic model 


Introduction. As the object of study, the au- 
thors have chosen the technical system "furnace 
— casting — worker" of melting and casting site 
of steel shop No. 40 OOO "PK NEVZ", which 
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WeTasew JIA SICKTPOBO30B. PacnaB cTasIM Mosy- 


yaloT Ip MOMOIIM AYrOBON CTasleluaBYJIbHOU Me- 
qu JICS5M, 1a W3r0TOBKH OTJIMBOK MPpWMeHAIOT 
TlecuaHble (OpMBI. 

TexHONOrMyuecKHH Wpormecc B paccMaTpuBae- 
MOH TeCXHHYeECKOH CHCTeMe OCYIIeCTBIAeCTCA M0 
cxeMe: «3aBaJIKa JIOMa — IIpOqyBKa — B3ATHE 


IpoObl, 3aMep TeMIlepaTypbI — CIIMB  MeTalI- 
a — CMB Wwiaka — 3aIMBKa paciiaBa B Iecua- 
HbIe (POPMbI — U3bATHE OTIMBKYD». 

Jia OWe€HKM BepoATHOCTH peamm3auuH BU 
HeEOOXOJIMMO BBINOJIHUTb px, ycuoBuH [1-3]: 

1) MOCTPOUTb JIMHTBUCTHYeCKY!IO MOJIeJIb Tpo- 
MCIUeCTBUH; 

2) BbIOpaTb BUM cormacHo «TunoBpomy noso%«Ke- 
HuIO O CYOT»; 

3) MOCTpOuTb JOrMYecKHe MoyeIH BU c ya4eTom 
IOJIHOrO Habopa CBA3EH TIPeAMOCBIJIOK; 

4) paccuuTaTb BO3MO%KHOCTHY!O Mepy peasiu3a- 
uuu BU. 

HlocTpoenne JIMHIBHCTHUeCKON MOI Ipo- 
nuculecTBHH. JIMHTBUCTHYeCKad MOeIIb MpoOUciite- 
CTBHM CTpOUTCA Ha OCHOBaHHU aHasIn3a MOTeHIIH- 
aJIbBHOM OMaCHOCTH TEXHUYeECKOM CHCTeEMBI. 

B 9JIeMeHTe CHCTeEMBI «edb — paOOTHHK» OBI- 
NM WAeHTHUPUUMpOBAaHbI ClexyoOluwe BpeHbIe U 
OlacHble IpOM3BOJ.CTBeHHbIe (pakToppl [4]: 

— WHdpakpacHoe u3iryyeHHe, BO3HMKarollee 
BBUAY OTCYTCTBHA CpeACTB KOJIICKTHBHONM 3allMTbI 
(BO3TYIUHOrO yIIMpoBaHHA), KOTOPOe MOXKEeT 
CTaTb HPH4HHOU TelmIOBOrO yaapa y paOoTHHKa C 
JasIbHeMIeH MOTepeH CO3SHAHHA IPH yCIOBMU He- 
HMCHOJIb30BaHHA CpeJICTB MHAMBULYaIbHOW 3alllMTbI 
(BOMJIOUHOM IVIATIBI); 

— yJIbTpamuoueTOBOe wu3ty4eHue paciisiapa, 
KOTOPOe IIPHBOAUT K OXKOTY CeTUaTKM U KOHBIOHK- 
THBbI ria3a paOOTHHKa B Cily4ae HEMCIOIb30BaHHA 
CpeyCTB WHAMBUAyaIbHOM 3allIMTbI (3alllMTHBIX 
OUKOB). 

JIEMeCHT CHCTeMBbI “OTJIMBKa — PpaOOTHHK>> xa- 
pakTepu3yeTca IIpHCyTCTBHeM: 

— BpeHbIX apoB u ra30B (NO2, CO, SOd2), 
BbIJCIIAIOMIMXCA 3-38 HEMCMpaBHOCTH CpeJICTB 
KOJWICKTHBHOM 3alllMTbI (BbITAXKHbIX 3O0HTOB), CIIO- 
COOHBIX BbI3bIBaTh OTpaBJIeHHe OpraHv3Ma TIpu 


IIPOJOJDKUTCJIBHOM BO3J/CHCTBHH Ha paOoTHuKa 


Safety of Technog 
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enic and Natural Systems 


produces 327 types of parts for electric locomo- 
tives. The molten steel 1s obtained by using an 
electric arc furnace DS5M, sand molds are used 
for castings. 

The technological process in the considered 
technical system is carried out according to the 
scheme: "scrap charge — blowing in — sam- 
pling, temperature measurements — tapping — 
tapping of slag — melt loading in the sand cast- 
ing — casting removal". 

To assess the probability of AO implementa- 
tion, a number of conditions must be met [1-3]: 

1) build a linguistic model of accidents; 

2). choose AO according to the "Model Reg- 
ulations on OHSAS"; 

3) build logical models of AO taking into ac- 
count the full set of precondition relationships; 

4) calculate the possible measure of the AO 
implementation. 

Building a linguistic model of accidents. 
The linguistic model of accidents is based on the 
analysis of potential danger to the technical sys- 
tem. 

The following harmful and dangerous pro- 
duction factors were identified in the element of 
the "furnace — worker" system [4]: 

— infrared radiation arising due to the lack 
of collective protective equipment (spot cool- 
ing), which can cause heat exhaustion of an 
employee with the further loss of consciousness 
under the condition of non-use of personal pro- 
tective equipment (felt hats); 

— ultraviolet radiation of the melt, which 
leads to a burn of retina and conjunctiva of an 
employee's eye in case of non-use of personal 
protective equipment (protective eyewear). 

Element of the system "casting-worker" is 
characterized by the presence of: 

— harmful vapors and gases (NO2, CO, 
SO) released due to malfunction of collective 
protection means (exhaust hoods) capable of 
causing poisoning at prolonged exposure of an 
employee without personal protective equip- 
ment (respirator); 
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Oe3 CpeJCTB HHIMBUyasIbHOM 3alllMTbI (peciiupa- 
Topa); 

— OpbI3r paciiwaBJIEeHHOrO MeTasiia, KOTOpbIe 
MOryT HOWacTh Ha He3all{MIeHHble cpeJICTBaMu 
VHIMBULYaIbHOH 3alllMTbI (Ope3seHTOBbIMU pyKa- 
BUUaMH) yYaacTKH WpesMWiewui paOoTHukKa, MpUBo- 
JA K TEDMUYCCKOMY OXKOTY. 

Bce Bbiillenepe4uucIeHHble IpOMCIIeCTBHA U UX 
TIPCAMOChIIKH CIIyKaT UCXOXHbIMM JIAHHbIMM JIA 
IMOCTPOeCHHA JIMHTBUCTHYeECKON MOJIeJIM, IpeycTaB- 
NIeCHHOM Ha puc. |. 


VUndpakpacuoe 
w3s1y4eHue 
Infrared 
radiation 
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TensIoBon yap 
Heat stroke 
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— splashes of molten metal that can get on 
the unprotected personal protective equipment 
(tarpaulin gloves) areas of an employee's fore- 
arms, leading to thermal burns. 

All of the above-mentioned accidents and 
their preconditions serve as initial data for the 
construction of the linguistic model presented in 
Fig. 1. 


Iloreps co3sHaHHa 
Loss of 
consciousness 


YubtTpaduose- 
TOBOe H3IyueHHe 
Ultraviolet 


Pacmu1aBsIGeHHbIn —- 
radiation 


MeTasuI 
Molten metal 


Ilappi u ra3bI 
Vapours and 
gases 


Bpsi3ru Me- 
Tasa 
Metal splashes 


Pa3s1eT 
Spraying 





IloppexqeHve CceTuaTKH U 
KOHBIOKTHBBI 1a3a 
Damage to retina and con- 
junctiva of an eye 


OtpapeHnue 
Poisoning 


Busrxanne 
Inhalation 


IlonayjaHue Ha 
lipew1eube 
Hitting the 
forearm 


O>xor peynse- 
UbaA 
Forearm burn 


Puc. |. JImarsuctTuyeckasd MOJesIb IpONciiecTBHA 


Fig. 1. Linguistic model of an accident 


Bai0op BHM corsacno «TunoBomy m0.10%«e- 
HHIO O CYOT». B kKayectTBe onacHocTev, mper- 
CTaBJIAFOINMX YIpO3y %*XU3HU UW 320POBbrO pabdorT- 
HMKOB, B «IT MMOBOM NouOxXeHHU O CYOT» mpen- 
CTaBJICHbI MHO?2KeCTBAa WH TMOAMHOKecTBa BV [5]. 
VM3y4aemou TexXHH4eCKON CHCTeEMe COOTBETCTBY- 
FOT Cue TyroumMe: 

BU1 — ucxoy TensoBporo yyapa OT BO3zen- 
CTBHA OKpy?Karolliux MOBepXHOcTeH OOOpy0Ba- 
HMA, UMeEFOUIMX BbICOKy!O TeMIepartypy; 

BU2 — ucxog oT oxora poroBusl r1a3a; 

BU3 — ucxoy oT oOpa30BaHva TOKCHUHBIX 
TlapoB lIpu HarpeBaHuu; 

BU4 — ucxony onkora OT BO3TCHCTBHA Ha He- 
3alllMI[eHHble y4acTKH Tesla MaTepHasOB, 2*KUKO- 
CTeH UWJIM Ta30B, MMCFOIIUX BbICOKYyFO TeMMepaty- 
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Selection of AO according to the ''Model 
Regulations on OHSAS". Sets and subsets of 
AO [5] are presented in the "Model Regulations 
on OHSAS" as the hazards that pose a threat to 
the life and health of workers [5]. The following 
correspond to the studied technical system: 

AO 1 — heat stroke outcome from the 1m- 
pact of the surrounding surfaces of the equip- 
ment having a high temperature; 

AO 2 — corneal burns outcome; 

AO 3 — outcome from the formation of tox- 
ic fumes when heated; 

AO 4 —outcome from the burn from the ex- 


posure of unprotected parts of body to materials, 
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PY. 
Iloctpoenne Jormuecknx mMoyeten BH c 


yueTroM N1OJIHOrO Hadopa cBA3eH MpeNOcBKI- 
amok. Jloru4eckve Moyemu BU crpostca Ha OCHO- 
Be OeCHOBTOPHBIX OyeBbIX (PYHKIMH WU UX M3b- 
FOHKTHBHOM HW KOHBIOHKTHBHOM (opm. IIpu stom 
YUUTHIBAIOTCA CTATHCTHYCCKH OLIpeesICHHbIe Be- 
POATHOCTH BO3HHKHOBCHHA TpeAMOCbIIOK Mpo- 
uciuecTBunH | 1—3]. 

Ilo cBeqeHuaAM CIIyKObI OxpaHbI Tpytqa OOO 
«IIK HDB3» 3a roy peructpupytotca ciryyan He- 
HCIOJIb30BaHHA CpeJICTB HHJMBUAyabHOU 3alllu- 
ThE y 34% paOoTHHKOB CTasleMTeMHOrO Lexa, 
IIpPH 9TOM He COOIOaIOT TEXHOJIOIM4eCKHH Ipo- 
wecc oxo0 10 % [6]. 

Bpeyem cirexyrommMe OOO3HayeHH A: 

y, — BUI; 

X11 — oTcytcTBue CK3 (Bo3ayuIHOrO JymIM- 
poBaHua), x) ;=1; 

X12 — HellpuMeHeHve CH3 (Bomn04HON WHIA- 
IIbI), Xj2=0,66. 


Toraa 
YVj=X11AX12ANN}, (1) 

rye tj=/ = IJIY; — ycnosne npessiiiieHua BO3- 
JIeMCTBUA Haj, BOCIIPHUMYUBOCTHIO (IOTepsA Co- 
3HAHMA BO3MO2XKHA IPH MpeBbIMIeHHM MpeebHO- 
qomycTumMoro ypoBHa ITY; WHTeHCHBHOCTBIO 
TenoBoro noTOKa /). UnTepBanbl 3Ha4yeHui Ma- 
PaMeTpOB BO3eCMCTBHA UW BOCIIPHHMU4UBOCTH B 
IITATHBIX WU aBaPHMHbIX YCJIOBHAX CHCTeEMBI 
IIpeqcTaBeHb! B Tabs. | [7, 8]. 

O0o3HayduM 

y2 — BU2; 

X21 — HenpumMeHeHue CV13 (3alMTHBIX O4KOB), 
x2,=0,66. 


Torga 


Y2=X21Ah2, (2) 


rye to=k>1)Y2 — ycnospue NoBpexeHHA CeT- 
yaTKH WM KOHBIOHKTHBAI T1a3a (MOBpexeHue 
MpOHCXOQHT pH TIpeBbilieHHu MpeesIbHO- 
momycTumMoro yposya IIJlY¥2 spHTeMHsbIM MOTO- 
KOM yiIbTpaduoueTOBOrO U3sy4eHHA E). 


Jia TpeTbero BeplIMHHOTO HCxoya TpHMemM 
cneyrolie 0003HadeHuA: 
y3 — BUS; 


ime mee YW on | i‘). INT ame mh O24 rl —-. DIT. | 
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liquids or gases having a high temperature. 

Construction of logical models of AO tak- 
ing into account the full set of precondition 
relationships. Logical models of AO are con- 
structed on the basis of repetition-free Boolean 
functions and their disjunctive and conjunctive 
forms. This takes into account the statistically 
certain probability of occurrence of accident 
preconditions [1-3]. 

According to the labor protection service of 
OOO "PK NEVZ" every year, there are record- 
ed cases of non-use of personal protective 
equipment in 34% of the steel shop workers, 
while not complying with the process is about 
10 % [6]. 

We introduce the following notations: 

y;— AO 1; 

x13; — absence of collective protective 
equipment (spot cooling), x7;=1; 

x12 — non-use of PPE (felt hat), x;2=0.66. 

Then 

Yj=X11AX12AN}, (1) 

where ¢,;=/ > ITY, — a condition of excess 

of exposure over susceptibility (loss of con- 

sciousness is possible when exceeding the max- 

imum permissible level MPL; of intensity of the 

heat flux /). Intervals of values of influence and 

susceptibility parameters in regular and emer- 

gency conditions of the system are presented in 
Table 1 [7, 8]. 

Let us specify 

y2- AO 2; 

X2;-non-use of PPE (protective eye wear), 


x2;=0.66. 
Then 


Yo=X21Ah2, (2) 


Where t=E>IT[Y> is the condition of dam- 
age to retina and conjunctiva of an eye (damage 
occurs when the maximum permissible level of 
MPL, is exceeded by the erythema flow of ul- 
traviolet radiation £). 


For the third apical outcome, we will specify 
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Safety 
x31 — HecoBepmeHcTBO CK3 (BBITS>KHBIX 30H- 
TOB), x3;=1; 
x32 — HelpumMeHeHue CVH3 (pecnuparopa), 
x32=0,66. 
Torga 


(3) 


rye t3=n>I1J[K,; — ycnosue oTpapseHusa (OTpaB- 


V3=X31AX32AN13, 


NeHWe TIpOMCXOJMT Mp TWpeBbilweHuu Wpeyesb- 
HO-JOMYCTHMOM KOHIeHTpamnu IIJ[K; BpeaqHoro 
BeIINeCTBA 72). 

J\uif 4“eTBeEpTOrO BeplIMHHOTO UCcxXOoya HpwMeM 
cneyroue OO03HadeHusA: 

y4 — BY4; 

X41 — HapylleHue TEXHOJIOrM4eCKOLO Iporecca, 
x4,=0,90; 

X42 — HelipuMeHenue CU3 (Ope3eHTOBbIX pyKa- 
BUI), X42=0,66. 

Torga 

y4=(%41VX42)At4, (4) 

roe t4=L6p2/ mun —- YCIIOBME MOJy4eHHA O7KOFA 
(O%KOF HacTyiaeT, ecu TeMlepaTypa Oppi3r Me- 
Tamia 75, IpeBbiliaeT MHHUMAJIbHYy!O TemIlepa- 
Typy Asia oKOTA Ti). 
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the following notations: 
y3- AO3; 
x3;-Imperfection of CPE (exhaust hood), 
X3/=1; 
x32 - non-use of PPE (respirator), x32=0.606. 
Then 


(3) 


where f3=n>IIJ[K; — condition of poisoning 
(poisoning occurs when exceeding the maxi- 
mum permissible concentrations MPC,of harm- 
ful substances n). 

For the fourth apical outcome, let us specify 
the following notation: 


V3=X31AX32NB3, 


y4- AO 4; 

X47 — violation of technological process, 
x4;=0.90; 

X42-non-use of PPE (tarpaulin gloves), 
x42=0.66. 

Then 


ya=(X41VX42) Ata, (4) 

Where t4=T6p>Tvun — the condition of the 

burn injury (the burn occurs when the tempera- 

ture of weld spatter 75, exceeds the minimum 
burn temperature 7x). 


Taosutta | 
Table 1 


Homep 
(baxTopa, t 
Factor 
number, t 


MuHTepBasibI 3Ha4eHUH MapaMeTpoB BO3JeCHMCTBHA WU BOCIIPHUMUUBOCTU 


B WTaTHBIx aBapHUHbIX YCJIOBUAX paOoTsI CUCTCMBbI 


Intervals of values of influence and susceptibility parameters 


in regular and emergency conditions of system operation 


HavumMenHosaHie 
(bakTOpa UM ero ma- 
pametpa; 0003Ha- 
yeHuHe, pa3Mep- 
HOCTb 

Name of the factor 
and its parameter; 
designation, dimen- 
ston 


Mv3Mu4ecKHH, UH- 
TCHCHBHOCTb-_ TEII- 
NOBoro moToKa; J, 
Br/m- 

Physical, heat flux 
intensity; I, W/ m 


OULyTUMBIH—p- 
(peKT JleHCTBUA Ha 
OHOBH, 

t= 1 

Perceptible effect 
of an action on 
biospecies, 

i=] 


ITY MK- 
W3J1y4eHuA 

MPL of IR radia- 
tion 

Su 2ru 

a co 280+560 

51, = 2500 
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SHAUHTeCIbHBIN = 90p- 
(peKT TeHcTBHA, 

t=2 

Significant effect of 
an action, 

f= 2 


| on0BoKpyxxKeHHe 
Dizziness 

Siu 2ri2 

rio = 2100=3500 
51, = 2500 





KputTuyeckni 
(JIeTaJIbHBIM ) 
39ddekT nen- 
CTBHA, 

i=3 

Critical (lethal) 
effect of an ac- 
tion, 

i=3 


TemloBou yap 
Heat stroke 

Su 2713 

V13 > 3500 

511 = 2500 






Mu3v4ecKHH, 93pH- 
TeEMHBIM TMlOTOK 
yIbTpapuoseTOBO- 
ro wu3syuenua; &E, 
MP-a/M- 

Physical, erythemic 
flux of ultraviolet 
radiation; 


XMMMYeECKHH, KOH- 
IWeHTpauua Bellle- 
ctsa (NO>); n, r/M” 
Chemical, concen- 
tration of substance 
(NO>); n, g/m 
TepmMuueckun, 
TeMlepatypa 
OpE3rH; Top, °C 

the tem- 


Thermal, 
perature of weld 


u » / 


m a TT yw . 4 


[ow mia al r r 
/ \/ 
= 
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HWY YO- ns3qny- 
qeHHA 

MPL of UV radia- 
tion 

$21 2 121 

ro, = 7,5 

ot = 30 


IIJIK Bemrectsa 
MPC of a_ sub- 
stance 

$31 2 131 

'3, = 2 

ie = 2 
JjolrycTuMoe 3Ha- 
yeHue Temilepa- 
TYpbI 

Permissible tem- 
perature value 


Pa3qpaxxeHue 
Irritation 

$21 2 122 

ro2 = 10+60 
ne = 30 


Iloreps co3HaHuA 
Loss of conscious- 
ness 

$31 2 32 

32 = 20 

or = 22 

Oxor 1-1/2-H crTe- 
TIeHu 

Ist/2nd degree burn 
S41 2 142 

rao = 50+100 


OoKOr POroBUIIbI 
Corneal burn 
$21 2 123 

123 > 60 

4 = 30 


OtpaBsieHue 
Poisoning 
§31 2 133 
cose = 200 

= 2,2 
Oxor 3-H/4-H 
CTelleHu 
3rd/4th degree 
burn 
S41 2 143 


S41 2 141 
Vay = 45 
S41 = 400 


spatter; Tsp, °C 


541 = 400 43 > 100 


S41 = 400 


IIpumeuanne: 3HadeHuA MapaMeTpoB $1; HW S21 ObWIM MOJTYYeHbI B pe3yJIbTaTe pacyeTa IO ciie- 


MYyFOIMM (opMyi1aM: 


* Note: the values of parameters s1; and S2; were calculated using the following formulas: 
l=p/r’, 


rye Pp — WIOTHOCTb TeMJOBOrO HOTOKa, BT; r — 


paccTosAHHve TO UCTOUHNKa, M. 


where p is the heat flux density, W; r is the distance to the source, m. 
E=elr’, 
rye € — 9PHUTeMHbIM MOTOK, MOP-4; r — paccTOsHHe JO UCTOUHUKA, M. 
where e — erythemal flow; r — distance to the source, m. 
” 3Hauenne lapaMetpa $3; OlpeyesIeHO H3 KapTHI ClelMasIbHOM OMCHKU YCIOBMUM Tpyya padvo- 


Gero MCCTa CTajICBapa. 


** The value of the parameter s3; was determined from the special assessment card of the work- 





ing conditions of the steelworker's workplace. 


AHaiH3 TadsMubl | WoKa3bIBaeT, 4TO Tapa- 
METPbI BCCX BPeCAHbIX HW OMaCHbIX (PaKTOPOB Lpe- 
BbIMa‘OT JIOMYCTHMble 3Ha4eHHA, OKa3bIBad pa3- 
NMYHbIM IPMeKT WeHcTBUA Ha OpraHH3M: (u3H- 
yeckHe (akTOpbI — 3HAYUTCJIBHbIM IPMeKT, XH- 
MMYeCKHM (akTOp — OLLYTUMBIN 39ddexT, Tep- 
MM4eCKHM — KpuTuyecKui 9MCexT. 

B utore K HoTepe padOoTocnocooHocTu Mpu- 
BOJMT peasM3alua OHOrO W3 WpeyCTaBJICHHbIx 
poucmiecTBun. TakuM o0pa30m, Wosryyaem JIO- 
ruyeckoe ycuIOBHe TOTepH padoTociocoOHocTu 


paOoTHHKOM B 3a,aHHOM TeEXHUYeECKON CHCTeMe: 
Y=y|Vy2Vy3V 4. (5) 
-// S-journa 


The analysis of Table 1 shows that the pa- 
rameters of all harmful and dangerous factors 
exceed the permissible values, providing a dif- 
ferent effect on the body: physical factors - sig- 
nificant effect, chemical factor - perceptible ef- 
fect, thermal - critical effect. 

As a result, the implementation of one of the 
presented accidents leads to the loss of efficien- 
cy. Thus, we obtain a logical condition for the 
worker's loss of efficiency in a given technical 


system: 


Y=y|VyoVy3Vy4. (5) 
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IIpeoOpa30BaHne JormuecKOH MOEN B 
HeYeTKYIO (BO3MOXKHOCTHY!O) MOeIb. [Ipeod- 
pa30BaHve slorMueckoi (OyneBow) dyHKUMH 
IIPOMCIICCTBHA B BO3MO%KHOCTHY!O (HeYETKYIO) 
(DOpMy IIPOMCIIeCTBHA MpOu3BOUMTCA pu 0- 
MOM OlepaTopa BO3MOX%XKHOCTH (possibility) Pos 
[1-3]: 


V{=X11A%12NN, 


I1,=Pos(y1=l)=min( My, + Ty, 7 Me, )} ©) 
rye Ty, =PosU =ITLY 1); 
y2=X21A12, 
Th=Pos(yx=1)=min(Tg,, 3 Te)» (7) 
rye Te, =Pos(E = ITTY >); 
Y3=X31AX32N13, 
TT3=Pos(y3=1)=min(My, ; Ty,3 Me, ), (8) 


rye Ty, =Pos(n = MYAK1); 

y4=(X41VX42)At4, 
[14=Pos(ya=1)=min(max(Thy, , 5 Ty, )i TE, ), (9) 
rye Th, =Pos(1 6p 2m); 

Y= yivy2Vy3VV45 
ITy=Pos(¥=1)=max(Ty, ; Ty) Wy, My, = 
max(min(Tly, |; Thy, Te, ); 
min(Tly, + Te, Ni 


MIN Thy Thy) Tle, ); 


min(max(Tly, 5 Ty, ); Ty, )). (10) 


Mopmysia (10) aBiaaeTca UTOrOBON JIA olmpe- 
J€ICHUA BO3MOXKHOCTHOM MepbI NOTepu padoTo- 
CHOCOOHOCTH paOOTHHKOM. 

PacueT BO3MO2%KHOCTHOM Mepbli peaJIn3alnn 
BH. 3akir0unTesIbHEIM 9TAIIOM B OIICHKe BO3- 
MOXKHOCTHOM Mepbl peasm3auHHu BU aBnaerca 
olpeyemeHve 3HayYeHHA MpwBeeHHOTO 3ariaca 


Gesonacnocru ZD (TaOn. 2), YYHTbIBaFOMero T10- 
rpemmHoctu C3 (6,=0,5) u cpeycts u3MepeHusa 
(6,.=0,5)  dyHKumio ocma6nenna (f=0,5) [1-3]. 
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Transformation of logical model into fuzzy 
(possibilistic) model. Transformation of logical 
(Boolean) functions of the accident into possibil- 
istic (fuzzy) form of the accident is provided by 
the possibility operator (possibility) Pos [1-3]: 

YIFX11AX12AN1, 

IN=Pos(y1=l=min(Thy, , + My, .7 Te, ), 
(6) 


where Tl, =Pos(I =IT1Y 1); 
y2=X21 N12, 
Ih=Pos(y7=1)=min(Ty, , ; Te, ). 
where Tl, =Pos(E > H{Y2); 


(7) 


Y3=X31AX32AN13, 
II=Pos(y3=1)=min( Thy, , ; Tyo? Ml, }} 
(3) 
where Tl, =Pos(n > TK); 
Ya=(X41VX42) Ala, 
II4=Pos(y4=1)=min(max(1,, iat Ty, ..)3 Tk, ), 
(9) 
where Tl, =Pos(Top 2T wu); 
Y = yjVy2Vy3V Ya, 
ITy=Pos(Y=1)=max(Tly, 7, Ty, Wy, Th, = 
max(min(Thy, ,; My, 1 Mt, ) 
min( Thy, + Thy, 7 
min( Tl, u ",.? ™, ); 


min(max(Tly, ; Ty, ); TM, )). (10) 


Formula (10) is final to determine the possi- 
ble measure of the worker's loss of productivity. 

Calculation of possible measures of AO 
implementation. The final step in the assess- 
ment of possible measures of AO implementa- 
tion is the value definition of the given margin of 
security ZD (Table. 2), taking into account the 
errors of PPE (6, =0.5) and measuring instru- 


ments (6,=0.5) and the attenuation function 


(f=0.5) [1-3]. 





Tadmuna 2 
Table 2 


VUcxoaHble JJaHHble U pacueTHble 3HaveHHA TIpHBeJeHHOrO 3atiaca Oe30NacHOcTU 
JIA OlIpeAeICHHA BO3MOXKHOCTHOH MepbI peasu3annu BU 


The initial data and the estimated values of margin of security 
y to determine possible measures of AO implementation 


HaumMenosaHie, PopmMysia 
Name, formula 
IlapameTp BOCHpHUM4YMBOCTH, r 
Susceptibility parameter, r 
IlapamMeTp Bo3}eHcTBHA, 
Influence parameter 
s=V-f 
[lorpeliHocTs cpeyCcTB 
W3MepeHHaA, 


Errors of measuring instruments 


Ilorpemmocts CH3, 
Errors of PPE 
A, =6,°s 
IlpuBeyeHHsIN 3arac 
Oe30NacHOCTH, 


Estimated margin of safety 
(r—s) 
(A.+A4g3) 


Bo3MO2KHOCTHaA Mepa, 


zb = 


Possible measure 


m= 1—zb 





Ha OCHOBaHHM TIOJYYeCHHBIX JaHHbIX CTPOMM On the basis of the obtained data, we con- 
BO3MOX%KHOCTHYHO (bOpMy @yYHKIIMM peasm3alnu struct a possible form of the function of AO im- 
BU (puc. 2) [9]. plementation (Fig. 2) [9]. 
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Puc. 2. Bo3MoxkHOCTHad (POpMa PYHKIMUH pearu3annHH BU 


Fig. 2. The possible form of the function of AO implementation 


Bo3MO2%KHOCTHad Mepa TOTepu paovoTo- 
CIOCOOHOCTH PpaOOTHHKOM COCTaBHT BeJIMUUHY, 
paBHYto: 

[T>=Pos(Y=1)=max(min(1; 0,66; 0,23); min(0,66; 
0,20); min(1; 0,66; 0,42); min(max(0,90; 0,66); 
0,14))=max(0,23; 0,20; 0,42; 0,14)=0,42. 


3akuro4eHne. B pe3ylbTaTe UcCcueqOBaHHA 
JIA TEXHHYECKON CHCTeMBI «Iedb — OTIIMBKa — 
paOoTHUK» OBI BbIABJICHbI HanOouee xapak- 
TepHble BpeJHbIe HU ONACHbIe MPOU3BOCTBeEHHBIe 
(PaKTOPHI, NPUBOAAIIMe K pa3sIM4HOrO poya upo- 
MCIIeCCTBHAM, HW MOJYYeHHI CueTyroMMe 3HaYeHHA 
BO3MO2KHOCTHOM MepslI peamu3auun BU: 

BUI (ucxog oT Tenmo0Boro yyapa) — 23 %; 

BU2 (ucxoy OT Ox*KOra pOroBHubl ria3a) — 
20 %; 

BU3 (ucxog oT oTpaBseHus) — 42 %; 

BMW4 (ucxog oT oxKora Hpesnerbs) — 14 %. 

Bo3MO2%KHOCTHad Mepa ToTepu padoToci0co6- 
HOCTH paOOTHUKOM B 3a/JaHHOM TEXHH4eCKON CH- 
cTeme cocTaBsiaeT 42 %. 
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The possible measure of the worker's loss of 
productivity will be equal to: 

[T>=Pos(Y=1)=max(min(l; 0,66; ~—- 0,23); 
min(0,66; 0,20); min(1; (0,66; 0,42); 
min(max(0,90; 0,66); 0O,14))=max(0,23; 0,20; 
0,42; 0,14)=0,42. 


Conclusion. As a result of research for the 
technical system "furnace-casting-worker" the 
most characteristic harmful and dangerous pro- 
duction factors leading to various kinds of ac- 
cidents were revealed, and the following values 
of possible measure of AO implementation were 
received: 

AO 1 (heat stroke outcome) - 23 %; 

AO 2 (outcome from cornea burn) — 20 %; 

AO 3 (outcome from poisoning) - 42 %; 

AO 4 (outcome from forearm burn) — 14 %. 

The possible measure of the worker's loss of 


productivity in a given technical system is 42%. 
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YJIbTPA3BYKOBOH METOL 
UCCJIETOBAHWA (KEJSTESOBETOHHbIX 
KOHCTPYKUMN NOCJIE TWOXKAPA 

B. B. Manyusioe 

JJOHCKON rocyapcTBeHHbIN TeEXHHUYeCKHH 
yHuBepcutet, r. Pocros-Ha-Jlony, Poccunckaa 
Deylepalna 

v.manuilov2010@spark-mail.ru 

Padota MOcBAIIeHa YJIbTpa3ByKOBOMyY MeTOJLY 
MCCHeOBAaHHA %*KeIe300eCTOHHbIX KOHCTPyKUMH 
mocue noxapa. MeToy, OCHOBaH Ha CBOHCTBE YIJIb- 
Tpa3BYKOBOHN BOJIHbI H3MCHATb CKOPOCTb Mpo- 
XOXKJICHUA B 3aBHCMMOCTH OT CTeIIeHH TMOBpe- 
*KICHHA %Kee300eTOHHOM KOHCTPyKIIMH B pe- 
3ylbTaTe moxapa. Mero WIMpoKO IIpHMeHsAeTCA 
TIP IpoOBeeHuU MOKapHO-TeXHuUYeCKUX JKCHEep- 
TH3 JIA YCTaHOBJICHHA OUAara MO%Kapa B MOMeILte- 
Huu. Llenb HacTosljei paOoTbl — BbIBeCcTH op- 
MYJLY, CBA3bIBaFOLLYHO KOIPMUUMEHT MpOxorx*KTe- 
HUA YJIbTpa3sByKOBOM BOJIHbI C TeMMepaTypou 
HarpeBa OeroHa. B mporpaMMHOM KOMIIeKCe 
Microsoft Excel aBTOpoM ObiuIM MOCTpoOeHbI rpa- 
(DHUKM WIA W3y4eHHA JMHeEMHOM WM MOJMHOMH- 
HaJIbHOM 3aBHCHMMOCTH KOIMduIMeHTa MpOxox- 
JICHHA YIbTpa3ByYKOBOM BOJIHbI HW TeMMepaTypBl 
HarpeBa OeToHa. B pe3yibTaTe ObwIO MOWyYeHO 
ypaBHeHHe, KOTOPOe yYCTaHaBJIMBaeT 3aBHCH- 
MOCTb Me@xKY KOIPMUUMEHTOM TpoOxox*KeHHA 
YJIbTpa3BYKOBOH BOJIHbI HU TeMIMepaTypon HarpeBa 
OeroHa. MakcuMasIbHad MOrpeliHOCcTb pe3yiibTa- 
TOB coctaBusia 20 °C mpu TemilepaType HarpeBa 
OeToHa, paBHow 400 °C. Ha ocnoBanun mosty- 
YeCHHOrO yYpaBHeHHA ObLI MOCTpOeH aITOpUTM JIA 
pacuetTa TeMilepaTypbI HarpeBa OeTOHAa H ero OC- 
HOBHbIX IIPOUHOCTHBIX XapaKTepHCTHK TO U3- 
BeECTHOM CKOPOCTH TIpOxOxX]eHHA YyIbTpa3ByKO- 
BOW BOJIHBI. 

Co3yaHve TporpaMMbIl Ha 6a3e OMMCaHHOrO B 
JIAHHOU CTaTbe alrOpHTMa MO3BOJIMT YCOBepIIeH- 


CTBOBaTb YJIbTpa3BYKOBOM Je@eKTOCKON UU pac- 


IWMpuT ero MyHKIMH. YcoBepliieHCTBOBaHHbIil 
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INVESTIGATION OF REINFORCED 
CONCRETE STRUCTURES AFTER A FIRE 
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The article 1s devoted to the ultrasonic method of 
investigation of reinforced concrete structures 
after a fire. The method is based on the property 
of an ultrasonic wave to change the speed of pas- 
sage, depending on the degree of damage to the 
reinforced concrete structure as a result of a fire. 
The method is widely used in the practice of fire 
and technical expertise to establish a fire in the 
room. The aim of the work is to derive a formula 
relating the transmission coefficient of an ultra- 
sonic wave to the temperature of the concrete 
heating. The resulting formula should transmit the 
temperature of the fire impact to the reinforced 
concrete structure in the event of a fire as accu- 
rately as possible. 

In the Microsoft Excel software system, graphs 
were constructed to study the linear and polyno- 
mial dependence of the ultrasonic wave transmis- 
sion coefficient and the temperature of concrete 
heating. The equations obtained as a result of the 
study were tabulated and compared for the pur- 
pose of determining the equation with a minimum 
measurement error. 

As a result of the study, an equation was obtained 
that establishes the relationship between the 
transmission coefficient of the ultrasonic wave 
and the temperature of the concrete heating. Veri- 
fication of the equation obtained showed that the 
maximum error in the results is 20 ° C at a con- 
crete heating temperature of 400 ° C, which is 
very insignificant. On the basis of the obtained 
equation, an algorithm was constructed for calcu- 
lating the temperature of heating concrete and its 
main strength characteristics at a known rate of 
passage of an ultrasonic wave. 
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YIbTpa3sBYKOBOH e@eKTOCKON OyyeT nMoue3eH 
Kak COTPYTHHKaM CyJIeCOHO-3KCIepTHbIX yu4pe- 
*KICHHM PetepalbHOW NPOTHBONOXKapHOU CIyx«K- 
Obr «McnbiTaTesbHad WOxKapHad JadopaTopua» B 
ollpeyeseHuu OYara NOxKapa, Tak UW OpraHu3al{u- 
AM, OCYINCCTBJIAIONIUM ONeCHKY OCTaTOUHOM He- 
cylleu 
CTPyKIJMM Mocse MoKapa. 


CHOCOOHOCTH 2Kee300CTOHHBIX KOH- 


KJ1t04UeBbIe CIOBA: YIIbTpa3ByK, YIIbTpasByKOBaA 
eMeKTOCKONHA, YIbTpa3sByKOBOM Je@eKTOCKON, 
OeTOH, 2KeIe300eTOHHad KOHCTPYKUMA, WOKap, 
ouar noxapa, KOIPUMMeEHT MpOXO*KTeCHHA YJIb- 
Tpa3BYKOBOM BOJIHbI, TeMMepaTypa Harpesa Oe- 
TOHA. 

Bpejenne. YiibTpa3sByK IIPWMeHAIOT B pa3- 
NIMUHBIX OTPaCIAX YeOBeUeCKON WeATeJIbBHOCTH 
— TPOMBIMNJIeCHHOCTH, MeZMIIMHe, CTpOUTeIIb- 
CTBe. YJIbTpa3ByKOBbIe MeTOJbI UCCIeqOBaHHA 
OCHOBBIBaIOTCA Ha CBOHMCTBAX YJIbTpa3ByKa IIpo- 
HUKaTb 4epe3 pa3sJIM4Hble Cpeybl. CKOPOCTH yiib- 
Tpa3BYKOBONM BOJIHbI CYII[eCTBeHHO 3aBHCHT OT 
Bua cpeaqbl. HawMeHbiilylo CKOpOcTb pacipo- 
CTpaHeHHA YIIbTpa3ByYKOBbIe BOJIHbI MMCHOT B Ta- 
3aX WM %KMAKOCTAX, HavOOJIbITyIO — B TBepJIbIxX 
Teax. Tak, CKOPOCTb yiIbTpa3ByKa B BO3J[yxe CO- 
craBisaeT 331 m/c [1]. 

YuIbTpa3sByYKOBbI€ MeTObI UCCIeOBaHHA 
HalllIu WIMpoKoe paciiIpocTpaHeHue B CTPOMTeIIb- 
CTBe HW lOxKapHon Oe3onacHoctu. Mero, ocHo- 
BaHHbIM Ha UCCIeOBAaHHU CTPOUTeJIBHbIX KOH- 
CTPyKUMH TMOCpeCTBOM yJIbTpa3ByKa C_ I[eJIbIO 
olipeyeseHua JedeKTOB HU NOBpexeHHH, Ha3bl- 
BaeTCA yIbTpa3sByYKOBONM edekTocKkonuen. CTpo- 
MTCJIbHbIe KOHCTPyKIIMH 30aHHuH WU COOpyxKeHul 
MOryT ObITb H3FrOTOBJICHbI H3 pa3JIM4HbIX MaTe- 
puasIOB: *Kee300eTOHA, CTAaIIM, JIJPCBeCHHEI H T. J. 
Kak bi MaTepHasl B HOPMAJIBHBIX YCJIOBHAX 00- 
NaqaeT OMmpeesIeHHbIMM CBOMCTBAMH UW UMMeeT 
olpeylesIeHHoe 3HAYeCHHE CKOPOCTH NMpOxox*KTeHuA 
YIbTpa3BYKOBOM BOUIHbI. IlockoubKy OOBeEKTOM 
Hay4Horo UCCIeOBaHHA ABIIAFOTCA 2Kee300e- 
TOHHbI€ KOHCTPyKUMH 37aHui, cileqyeT OTMe- 
TUTb, UTO CKOPOCTb MOBEPXHOCTHOU yJIbTpa3By- 


KOBOM BOJIHbI B Oe€TOHE IPH HOPMAJIBHBIX YCJO- 





Creating a program based on the algorithm de- 
scribed in this article will improve the ultrasonic 
flaw detector and expand its functions. The 1m- 
proved ultrasonic flaw detector will be useful 
both to the staff of forensic institutions of the fed- 
eral firefighting service "Test Fire Laboratory", in 
determining the fire site, and to organizations car- 
rying out an assessment of the residual load- 
bearing capacity of reinforced concrete structures 
after a fire. 

Keywords: ultrasound, ultrasonic flaw detection, 
ultrasonic flaw detector, concrete, reinforced con- 
crete structure, fire, fire center, ultrasonic wave 
transmission coefficient, temperature of concrete 
heating. 


Introduction. Ultrasound is used in various 
branches of human activity (industry, medicine, 
construction). Ultrasonic methods of investigation 
are based on the properties of ultrasound to pene- 
trate through various media. The speed of an ul- 
trasonic wave varies and depends on the type of 
medium. The lowest velocity of propagation is in 
ultrasonic waves in gases and liquids, the largest 
in solids. So, the speed of ultrasound in the air is 
331 m/s [1]. 

Widespread ultrasonic research methods 
found in construction and fire safety. A method 
based on the study of building structures by 
means of ultrasound for the purpose of determin- 
ing defects and damages is called ultrasonic flaw 
detection. Building structures of buildings and 
structures can be made of various materials: rein- 
forced concrete, steel, wood and others. Each ma- 
terial under normal conditions has certain proper- 
ties and has a certain value of the transmission 
speed of an ultrasonic wave. Since the object of 
scientific research are reinforced concrete struc- 
tures of buildings, it should be noted that the 
speed of the surface ultrasonic wave in concrete 
under normal conditions is about 2000-2500 m / s 


[2]. The change in the structure of the material 
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BHAX COcTaBIIAeT OKOIO 2000-2500 m/c [2]. V3- 
MeCHEHHe CIPYKTypbl MaTepHalla IpPUBOAUT K U3- 
MCHEHHIO CFO CBOHMCTB UH, CiICOBATeJIbHO, K H3- 
MCHEHHIO CKOPOCTH MpOXxOxKJeCHHA YIIbTpa3ByKa. 
ViccneqoBaHve CBOHCTB YJIbTpa3BYKOBBbIX BOJIH, 
TIpowlesqmux wepe3 MaTepHall, OCYIIeCTBIIAeTCA 
CHeIWMaIbHbIM TIpwHOOpoM — YJIbTpa3BYKOBbIM 
J}e(eCKTOCKOTIOM. 

Mero, yJlibTpa3ByKOBOH eeKTOCKONHH B 
WpakTuKe MOKaAPHO-TeXHH4eCKOH YIKCHepTH- 
3bI. B pe3ylIbTaTe NOx*Kapa BO3eCHCTBHe BbICOKHX 
TeMlepaTyp Ha 2%Kese300eTOHHY!O KOHCTPYyKIIHI0 
IIPHBOJMT K OOpa30BaHHIO B CTpyKType OeToHa 
e@eKTOB UM NoBpexaeHui. VUcnapenue B we- 
MCHTHOM pacTBOpe XHMMYECCKH CBA3AHHOM BOJIBI 
WM WeruypatTalua PHAPOKcH a KasJIbUMA Ip BbICO- 
KUX TeMIepaTypax CIOCOOCTBYyeT TOABJICHHIO B 
CTpyKType OeTOHa MUKpO- HW MakpotTpemMH [3]. 
Pa3yluIOTHeHHe CTPyKTypbI OeTOHa MpHBOJIMT K 
oOOpa30BaHHI0 B erO CTpyKType BO3yxa. Kak oT- 
MeYaJIOCb BBIMC, YIbTpa3BYKOBbIe BOJIHbI B BO3- 
Ttyxe UMeIOT Hauxylee pacipocTpaHeHue M0 
CpaBHeHHO C TBEPJIbIMH MaTepHasaMH (B HallleM 
ciydae TBeEpAbIM MaTepuas — OeTOH). Takum o6- 
pa30M, MOBpexyeHuA HU WedeKTHI 2*ele300eTOH- 
HOM KOHCTPYKI[HU BbI3bIBaKOT YMCHBbINeCHHe CKO- 
PpOcTH IIpOxXO#KeHHA YJIbTpa3ByYKOBOM BOJIHBI. 
JJaHHoe CBOMCTBO HCIIOJIb3yYIOT COTPYTHHKH Cy- 
JIeOHO-9KCHeEpTHbIX Yy4pexyeHuH deepasbHon 
IIpOTHBONOKAapHOK cryxKObnr «McibiTaTebHas 
oxKapHasd JadopaTopua» (COY DIIC UIT). 

YiIbTpa3BYKOBY!O Je*eKTOCKOMMIO B IIpakTuKe 
IKCIeEPTH3bI MOKAaPOB CilIeqyeT OTHOCHTH K TMOIIe- 
BbIM MeTOJaM UccesqoOBaHHA. Ja yCTaHOBJICHuA 
ouara noxapa coTpyaqHuK COY DIIC UII c no- 
MOIIbIO YJIBTPa3BYKOBOrO edeKTOCKONAa OCy- 
Ie€CTBIAeCT U3MepeHve cCTeleHH MOBpexTeHuA 
CTPOMTeEIBHBIX KOHCTPyKIIMM B pe3ylbTaTe I0- 
*apa [2,4]. 3qanua I u Il cremenu orHecTonko- 
CTH, KaK IIpaBHJIO, H3rOTOBJICHbI U3 UCKYCCTBeH- 
HbIX KAaMeCHHbIX MaTepnasoB. IlupoKoe pacripo- 
CTpaHeHue B 32aHnAx | uv II cremeHu OrHeCcTONKO- 
CTH HUMeeT KOHCTPyKTHBHAad CXeMa, COCTOAINAA 3 
MOHOJIMTHOTO 2KeIe300eTOHHOTO KapKaca. 3a- 
IIOJIHCHHE IIPOCMOB B TaKHX 3J,aHHAX OCYIIeCTB- 


JACTCA C HUCUWOJILBSOBAHHCM KMpnu4dHon KJIaWKU 





leads to a change in its properties and, conse- 
quently, to a change in the ultrasonic transmission 
rate. Investigation of the properties of ultrasonic 
waves transmitted through the material is carried 
out by a special instrument — an ultrasonic flaw 
detector. 

Method of ultrasonic flaw detection in the 
practice of fire and technical expertise. As a 
result of the fire, the effect of high temperatures 
on the reinforced concrete structure leads to the 
formation of defects and damages in the structure 
of the concrete. Evaporation in a cement solution 
of chemically bound water and dehydration of 
calcium hydroxide at high temperatures promotes 
the appearance of micro- and macrocracks in the 
structure of concrete [3]. Distortion of the struc- 
ture of concrete leads to the formation of air in its 
Structure. As noted above, ultrasonic waves in air 
have the worst spread in comparison with solid 
materials (in our case, solid material — concrete). 
From all the above it follows that the damage and 
defects of the reinforced concrete structure cause 
a decrease in the speed of passage of the ultrason- 
ic wave. This property is used by forensic experts 
of the federal firefighting service "Test Fire La- 
boratory" (FEI FFS TEL). 

Ultrasonic flaw detection in the practice of 
fire examination should be attributed to field re- 
search methods. In order to establish a fire center, 
a FEI FFS TEFL officer, armed with an ultrasonic 
flaw detector, performs a measurement of the de- 
gree of damage to building structures as a result 
of a fire [2, 4]. Buildings I and II degree of fire 
resistance, usually made of artificial stone materi- 
als. A constructive scheme consisting of a mono- 
lithic reinforced concrete skeleton is widespread 
in buildings of I and II degrees of fire resistance. 
Filling of openings in such buildings is carried 


out using brick masonry or concrete blocks. 
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WIM OCTOHHEIX O0KOB. U3mMepeHue cTeleHu T0- 
BP@XKICHHA %*KeIe300eCTOHHbIX KOHCTPyKIUMM Co- 
TpywHukKoM COY AOIIC UII, cornacuo [2], 
OCYIICCTBIIACTCA B CIIEYIOWIeM NOpsAKe: 

1. HaMeyaroTCA KOHCTPyKIMU JIA OOcIeTOBa- 
HHA. ITO MOTyT OBITb 2%*KesIe300CTOHHBIe CTeHHI, 
IIIMTbI WepeKpbITHA, HecylMe %#*eue300eTOHHBIe 
KOJIOHHBI; 

2. COCTABIIAeCTCA IaH KOHCTPyKUMH (TMOTOIIKA, 
CTeHbI WJIM KOJIOHHBI) B MacilTa6de; 

3. c marom 25, 50 usm 100 cM Ha KOHCTpyK- 
IMM HaMeyarOTCA YAaCTKY NpO3ByYMBaHHA. 

Jjanee corpynHuk COY OIC UII sximouaer 
eeKTOCKON, MpvoKUMaeT WaTYHKW K KOHCTPyK- 
IMM UW MpOBOAMT W3MepeHve Ha TIepBOM HaMe- 
4yeHHOM yyacTke. IlockouIbKy B 2*Keue300eTOHHBIX 
KOHCTPyKUMAX HaXOJMTCA apMaTypa, yBeJIM4H- 
Balollad CKOPOCTb MpOXOxK CHUA YyIbTpa3sByKO- 
BOH BOJIHbI, TO H3MepeHHA HeEOOXOUMO MpOBO- 
TMTb B JBYX TepleHAMKYJAPHBbIX HalipaBJICHHAX. 
BpiOupaetTca TO W3MepeHHe, Te CKOpOCTb IIpo- 
BOJIHBI Obiia 


XOKICHHA  YiIbTpa3ByKOBON 


Haumeupien [2, 5]. 
opmysy (1), 
OlIpeyesAIOT KOSMMUUMEHT MPOXOX*KAeCHUA YJIb- 


BnocieqcTBHH, MUCIIONb3yA 


Tpa3BYKOBOM BOJIHBI 


Measurement of the degree of damage to rein- 
forced concrete structures by the FEI FFS TFL 
employee, according to [2], 1s carried out in the 
following order: 

1. Designs for inspection are planned. It can 
be reinforced concrete walls, slabs, bearing rein- 
forced concrete columns; 

2. A design plan (ceiling, wall or column) is 
drawn in scale; 

3. With a step of 25, 50 or 100 cm on the con- 
struction of sound areas; 

Further, the employee of the FEI FFS TFL in- 
cludes a flaw detector, presses the sensors to the 
structure and conducts the measurement on the 
first target section. Since in reinforced concrete 
structures there is an armature increasing the 
speed of passage of an ultrasonic wave, meas- 
urements must be made in two perpendicular di- 
rections. Of the two measurements, the measure- 
ment is chosen, where the velocity of the ultra- 
sonic wave was the smallest [2, 5]. 

Subsequently, using the formula (1), deter- 
mine the transmission coefficient of the ultrasonic 


Wave. 


K=Cy/Co (1) 


roe Cg — CKOpOcTb IIpoxoxKeHHA yilbTpa- 
3BYKOBOH BOJIHbI B TOUKe H3MepeHHsA; Cg — CKO- 
POCTb TIpOxXOxXTeCHHA YUIbTpasBYKOBOM BOJIHbI B 
OeTOHE, He NOJBepraBLIeMCcaA HarpeBy. 

Kak BU HO 43 PopMysibl (1), 4eM MeHbIe 3Ha- 
yeHve KoIMdulMeHta K, Tem Oosee CHJIbHOe T0- 
BpexyeHHe UMeeT 2%*Kee300eTOHHaA KOHCTPyK- 
IA. 

OnpeyenuB 3Ha4eHHe KOoodduuneHta K B 
HaMC4eHHBIX TOUKAX KOHCTPYKUMU WIM MOMellle- 
Hua, coTpyaHuK COY OIIC UII Moxer yenaTs 
BbIBOJbI O MCECTaX BOZ3HHKHOBeCHHA FOpeHHA UH Iy- 
TAX CO pacnpocTpaHeHna. 

B kayecTBe IIpHMepa MO2%KHO MpHBeCcTH TOMe- 
IleHHe, B KOTOPOM CTECHBI BbINOJIHeHbI H3 %*KeJIe- 
300eTOHa JIM OeCTOHHBIX O0KOB. Ouar Toxapa 


paciiosox*KeH B yrily noMeljenHua. Ecru noxKapHaa 





Where Cy is the velocity of the ultrasonic 
wave propagation at the measurement point; 

Co 1s the speed of passage of an ultrasonic 
wave in concrete that has not undergone heating. 

As can be seen from the formula (1), the 
smaller the value of the coefficient K, the stronger 
the damage has the reinforced concrete structure. 

Having determined the value of the coefficient 
K, at the designated points of the structure or 
premises, the employee of the FEI FFS TFL can 
draw conclusions about the places of origin of 
combustion and the ways of its spread. 

An example is a room in which the walls are 
made of reinforced concrete or concrete blocks. 


The fire 1s located in the corner of the room. If the 


ern 





Halpy3kKa B TOMeIICHHM pa3sMell[eHa paBHOMepHO 
WM roprouve MaTepHalIbl UMCFIOT OJMHAaKOBBIe T0- 
*KapOoMacHble CBOMCTBAa, TO cOoTpyqHuKy COY 
OIC UII Merogom yustTpa3ByKoBon edeKTo- 
CKONMM He COCTaBUT Tpya OlIpeeIMTb Oar T10- 
Kapa B MOMeINeHUH (puc. |, a). 

B pe3ylIbTaTe 1oxKapa B 3aHWU WIM MNOMelle- 
HMM MOryT BO3HHKaTb BTOPHYHbIe OYA WoOxKapa 
WIM HaxXOJIMTbCA MeCTa C COCpesOTOUeCHHON M0- 
*KAapHOK Harpy3KOH. ITU PakTOPbI MOTYT OCIOXK- 
HUTb padoTty coTpyzHuKy COY ODIIC UIT! B Bo- 
poce olpeyeseHua UCTHHHOTO (MepBH4HOrO) 
ouara moxKapa (puc. |, dD). 


Quar nomapa 
800-1000 °C 
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fire load in the room is evenly distributed and the 


combustible materials have the same fire hazard 
properties, then it will not be difficult for the em- 
ployee of the FEI FFS TFL to determine the fire 
in the room by the ultrasonic flaw detection 
method (Fig. 1, a). 

As a result of a fire, secondary fire centers or 


places with a concentrated fire load may appear in 


a building or a building. These factors may com- 
plicate the work of the FEI FFS TFL employee in 
determining the true (primary) focus of the fire 
(Fig. 1, b). 
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Puc. 1. Pacnpenenenue kooddunuenta K B NOMeLeHHH MoOx*Kapa C paBHOMepHO 


paciipeyeseHHOHK MOxKapHOu Harpy3KoOHi (a2) U C COCpeqOTOUeHHON NOxKapHOH Harpy3Kon (Dd) 


Fig. 1. Distribution of the coefficient K in a fire room with a uniformly 
distributed fire load (a) and with a concentrated fire load (b) 


OcHosBHas 4acTbp. Temiepatypy Harpesa Oe- 
TOHA BO3MO2%KHO OMpeesIMTb B 3ABMCHMOCTH OT 
3HayeHHa KOIMduMeHTa K [6, TaOnua 8]. On- 
HakO B HacTOAIIee BPCEMA OTCYTCTBYeT MeTOMKa, 
CcoracHO KOTOpOH, 3Had 3HayeHve KOIMMUIMeH- 
Ta K, MO%KHO ObIIO ObI OlIpeseIMTb TeMnepatypy 
Harpepa OeTouHa. Jia HaxoxKaeHnA MopMysIbl, 
CBA3bIBaIOIeM TeMIIepaTypy HarpeBa OeToHa c 
KOIPMUIMECHTOM TpOXOxXKTCHHA YIbTpa3sByKOBOM 
BOJIHbI, BOCHOJIb3YeMCA IpOrpaMMHbIM cpeJi- 
cTBOM Microsoft Excel. 

OueBu HO, YTO 3ABHCHMOCTb Me2*K Ly TeMiepa- 


Main part. In effect since May 1, 2018 [6] 
there is a table 8 according to which the tempera- 
ture of heating of concrete can be determined de- 
pending on the value of the coefficient K. How- 
ever, 1N no normative document there is no for- 
mula by which, knowing the value of the coeffi- 
cient K, it would be possible determine the tem- 
perature of the concrete. To find the formula link- 
ing the temperature of heating concrete with the 
transmission coefficient of ultrasonic waves, you 
need to use the software package Microsoft Ex- 





Typou HarpeBa OeTOHAa Ip NWoxKape u KoImuwH- 


CHTOM IIpOXOXKJCHHA YIbTPa3sBYKOBOH BOJIHBbI (K) 
— 93TO OOpaTHO NponmopuMoHalbHad 3aBHCH- 
MOCTb, TO e€CTb C YBeJIMYeHHeM TeMIIepaTypbI 
Harpepa OeroHa 3HayeHHe KooddunMeHta K 
YMCHbIIaeTcaA. 

J|1d HaxoO7K CHUA TAHHOU 3AaBUCHMOCTH B IIpo- 
TpaMMHoM kKomiiekce Microsoft Excel Ha OCHO- 
BaHHM TadsMUbI 8 [6] Ob MOCTpoeH TOUeUHbIM 
rpaduk, rae mo ocu aOcliMcc OTKIAabIBAaeTCA 
3HayeHHe KOIMMUUMEHTA TpOXOXK CHUA YIbTpa- 
3BYKOBOH BOJIHbI (K), a 10 OCH OpaMHaT — 3Ha- 
yeHve TeMIepaTypbl HarpeBa OeTOHa Ip 10%KAa- 
pe. MU3HayambHo Tpesnouarasx, YTO 3aBHCHMOCTb 
OOpaTHO TponopuMoHalbHad, Oba MpoBeyjeHa 
WMHeMHadA JIMHUA TpeHa MW WOuyIeHO ypaBHeHue 
y=-719,54x+768,28. 
ypaBHeHua ToKa3asia, YTO 3HAYeCHUA TeMIIepaTy- 


IIpopepka nosly4aeHHoro 
pbl HarpeBa OeTOHA CHJIBHO OTIIMYAIOTCA OT TeX, 
KOTOpble yKa3aHbI B TaOmMuue 8 [6]. Makcumalb- 
Had MOMpeliHOCTh pe3ybTaTOB HaOsOWaeTca pu 
3HayeHHH KooddunvenHta K=0,7 u coctTaBilsaerT 
eo aan 

Jlanee 7a aHamM3a Oba B3ATa MOJIMHOMH- 
allbHad JIMHHUA TpeHa UW ObWIM pacCMOTpeHBI 4e- 
TbIpe ypaBHeHHA pa3Horo TopsyKa. [loctpoeust 
COOTBeETCTBYIOlMMe TpapuKU, MWpeACTaBJICHHbIie Ha 
puc. 2-5. 
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cel. 

According to logical considerations, the rela- 
tionship between the temperature of concrete 
heating in a fire and the transmission coefficient 
of an ultrasonic wave (K) is inversely proportion- 
al, that is, with an increase in the temperature of 
heating concrete, the value of the coefficient K 
decreases. 

To find this dependence, a point chart was 
plotted on the basis of Table 8 [6], where the ul- 
trasonic wave transmission coefficient (XK) is plot- 
ted along the abscissa axis, and the value of the 
concrete heating temperature during the fire is 
plotted along the ordinate axis. Initially assuming 
that the relationship is inversely proportional, a 
linear trend line was drawn and an equation y = - 
719,54x + 768,28 was obtained. Verification of 
the equation obtained showed that the values of 
the temperature of heating concrete are very dif- 
ferent from those indicated in Table 8 [6]. The 
maximum error in the results is observed at a val- 
ue of K = 0.7 and is 35 °C. 

Next, a polynomial trend line (quadratic de- 
pendence) was taken for analysis and four equa- 
tions of different order were considered. The cor- 
responding graphs shown in Fig. 2-5. 
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3HayeHMe KOSOOuUuUNeHTA K 


Puc. 2. YpapHenue 2-ro nopayKa y = ~283,01x° — 377x + 685,13 


Fig. 2. Equation of the second order y = —283,01x° — 377x + 685,13 
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3HaYyeHHe KOSOOuUUWUMeHTA K 


Puc. 3. YpapHenue 3-ro nopayKa y = ~302,1x° + 258,7x" — 663,38x + 726,9 
Fig. 3. Equation of the third order y = —302,1x° + 258,7x° — 663,38x + 726,9 
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Puc. 4. Ypasueune 4-ro nopayKa y = —1300,4x* + 2857,2x° — 2390,2x° + 218,98x + 632,36 


Fig. 4. Equation of the 4th order y = —1300,4x* + 2857,2x° — 2390,2x° + 218,98x + 632,36 
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Puc. 5. YpasHenne 5-ro nopayKka y = 25124x° — 79838x" + 95994x° — 54088x° + 13393x — 563,18 


Fig. 5. Equation of the 5th order y = 25124x — 79838x" + 95994x° — 54088x° + 13393x — 563,18 
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IIpoaHanu3upoBaB =TOuyaeHHbIe §=6rpaduku 
MOXKHO ClewaTb BbIBO, UTO C YBeJIM4eHHeM II0- 
paqKa ypaBHeHHA TOUHOCTh pe3yJIbTaTOB CTaHO- 
BUTBbCA Bbie. B ypaBHeHHu 5-ro MopayKa, Tak 
Ha3bIBaeMad «OOpaTHO MPOMOpIMOHaJIbHOCTb»» 
HapyllaeTca, 4TO 3AMeTHO B HHTepBasle KoIpdu- 
uuenta K oT 0,2 qo 0,4. CBegem Bce NoJIy4eHHBIe 
ypaBHeHua B OJHY TaOMLy UM ONpeyesyIMM MakK- 
CUMAJIbHY!IO IIOrpellHOCTb pe3yJIbTAaTOB JIA Kark- 
oro 3HayeHua KOoomduunenta K (tTaodn. 1). pu 
9TOM TIO IIOJIYYCHHbIM YpaBHeHHAM paccuuTaeM 
TeMlepaTypy HarpesBa OeToHa pu K = 0,1; 0,3; 
0,6, MOCKOJIBKY 3HAYCHUM TeEMMepaTypbl IA WaH- 
HbIX KOIMDUMUMEHTOB HeT B Taste 8 [6]. 


Thus, analyzing the obtained graphs, we can 
say that with an increase in the order of the equa- 
tion, the accuracy of the results becomes higher. 
In the fifth-order equation, the so-called "inverse 
proportionality" is violated, which is noticeable in 
the range of the coefficient K from 0.2 to 0.4. We 
shall not consider this equation further. 

We reduce all the equations obtained in one 
table and determine the maximum error of the 
results for each value of the coefficient K (Table 
1). In this case, from the equations obtained, we 
calculate the heating temperature of concrete at K 
= 0.1; 0.3; 0.6, since there are no temperature 
values for these coefficients in Table 8 [6]. 

Taosutta | 
Table 1 


3HayeHHe TeMMepaTypbl HarpeBa OeTOHA B 3ABMCHMOCTH OT 3HaYeHHA KOIMMUUMeHTA 


MIpOXOK CHUA YIIbTpa3sBYKOBOH BOJIHBI (K) 


The value of the temperature of concrete heating, depending on the value of the 


transmission coefficient of the ultrasonic wave (K) 


3HayeHne i K 
The value i the coefficient K 


YpaBHeHue JIA 


MakcuMalib- 


Had Worpell- 
HaxoO*K CHA TeMiepa- 
Gerona HOCTb H3Me- 
TYpbI HarpeBa . 

e equation for find- 
aan, 0,2 | 03 | 0,4 | 0,5 Maximum 
ing the temperature of 

measurement 

heating concrete , 

error, °C 


Ilo TaOnuue 8 [6] 


JlwHenHoe 


= [600 | =| 00 | 400 | =| 300 | 300 | 120 [30 ats 


y =—283,01x° — 377x + 645 | 598 | 547 | 489 | 426 | 357 | 283 | 202 | 117 | 25 
685,13 
y =-302,1x + 258,7x 
663 | 602 | 543 | 484 | 422 | 357 | 286 | 207 | 119 20) 
— 663,38x + 726,9 


2857,2x° — 2390,2x° + | 633 | 601 | 550 | 487 | 420 | 352 | 282 | 208 | 123 
218,98x + 632,36 


IlonuHOMHaJIbHBIe 


y =—1300,4x" + 


OueBU HO, 4TO HaWvOosIee TOUHbIM ypaBHeHH- 
eM JIA OllpeqeueHuA TeMIepaTypbI HarpeBa Oe- 
TOHA ABJIACTCA YoaBHeHue 4-ro nopsyKa: 





Thus, by calculating the temperature of heat- 
ing concrete for each value of K, we can conclude 
that the most accurate equation for determining 
the temperature of heating concrete is the equa- 
tion of the 4th order: 


= —1300,4x* + 2857,2x° — 2390,2x° + 218,98x + 632,36. (2) 
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MakcuMasibHad TOrpeliIHOCTbh pe3YIbTaTOB 
9TOrO ypaBHeHua cocTaBiaeT 20 °C, 4TO ABIIAeT- 
CA He3HA4HTCJIbHbIM TIpH TeMilepaType HarpeBa 
OeTOHAa, paBHor 400 °C. 

3Had TeMIlepaTypy HarpeBa OeTOHa, MO2%KHO 
OlpeesIUTb OCHOBHbIe IIPOUHOCTHbIe XapakTepu- 
CTHKM OeTOHAa MocHe Noxapa — HOPMaTHMBHOe U 
pacueTHOe COMpOTUBsIeHHe OeTOHA OCEBOMY ©2Ka- 
THIO (Ron, Rp tem) UW HOPMaTHBHOe HM pacdeTHOe 
CONPOTHBJIGHHe OCeEBOMY pacTsKeHHIO (Rpm, 
Rott). 

ITpeacTaBsIeHHbIie BbIMIe MPOUHOCTHbIe Xapak- 
TePHCTHKU MOX%KHO HalTH 10 PopMysiam (3-6): 


The maximum error in the results of this equa- 
tion is 20 °C, which is quite insignificant at a 
concrete heating temperature of 400 °C. 

Now, knowing the temperature of concrete 
heating, it 1s possible to determine the main 
strength characteristics of concrete after a fire — 
the normative and design concrete resistance of 
axial compression (Ron, Rp tem) and the standard 
and design resistance to axial tension (Roinr, Row). 

The strength characteristics presented above 
can be found from formulas (3-6): 


Ront = Ron-Vo1 ' (3) 
Rotem = Ro-Yor, (4) 
Rom = RomY a (5) 
Roy = Rou (6) 


rae Ryn, Rp — COOTBETCTBCHHO HOPMaTHBHOeE U 
pacueTHOe COMpoTHBeHHe HeHarpeToro OeToHa 
CKATHHO, OMpesleIAeMOe B 3ABMCMMOCTH OT KIIaCc- 
ca OeToHa 10 TaOmMue 2.1. [7]; Rom, Ro — COOT- 
BeETCTBCHHO HOPMAaTHBHOe UH pacueTHOe COrIpo- 
THBJIeHHve HeHarpeToro OeTOHa pacTs»KeHUIO, 
oOlipeyjesIaeMOe B 3ABHCMMOCTH OT KuIacca OeTOHAa 
mo TaOnmiue 2.1. [7]; Yor, Yr —- COOTBeETCTBeHHO 
KOIMMHUMEHTHI yCHOBUH padoTbl OeTOHa pH 
KATH U pactsKeHuH. JJaHHbIe KOIPMUWMeHTHI 
3aBHMCAT OT Bua OeTOHa HM TeMIepaTypbI ero 
HarpeBa UM onpeyeuaroTca 10 TaOnuie 2.2. [7]. 

Ilockonbky oOcieqOBaHuve 2x*Keswe300eTOHHbIX 
KOHCTPyKUMH MpOBOAAT Wocue Mo*Kapa, TO 3Ha- 
YeHUA KOOPMUUMCHTOB Yp;, Vx CeyeT OpaTb B 
TaOsMie 2.2. [7] moa 4epTon. 

Jia UcciexqOBaHua %*KesIe300eTOHHBIX KOH- 
CTpyKUMH Wocie NoxKapa, HaxXoOx%xK CHUA TeMiepa- 
TYpbl HarpeBa OeTOHAa, HOPMATHBHBIX UH pacueT- 
HbIX COMPOTHBIICHHH OeTOHAa C2xKATHIO U pacTsKe- 
HHIO aBTOPOM OBIJI COCTaBJICH aJITOPUTM, peri- 
CTaBJICHHbIM Ha puc. 6. 

Ha oOcHOBaHHH JJaHHOrO alIrOpHTMa MO%KHO 
pa3pa0oTaTb TporpaMMy JIA yJIbTpa3ByKOBOrO 
jedekKTockona. 





where Rp,, Rp, are the normative and design re- 
sistance of unheated concrete to compression, re- 
spectively. It is accepted depending on the class 
of concrete according to table 2.1. [7]; 

Rom, Ry are the normative and design re- 
sistance of unheated concrete to tension, respec- 
tively. It is accepted depending on the class of 
concrete according to table 2.1. [7]; 

You Yu — respectively, the coefficients of work- 
ing conditions of concrete under compression and 
tension. These coefficients depend on the type of 
concrete and the temperature of its heating. Ac- 
cepted equal to the table 2.2. [7]. 

Since the survey of reinforced concrete struc- 
tures 1S carried out after a fire, the values of the 
coefficients Y,;, Yz Should be taken in Table 2.2. 
[7] under the bar. 

For the investigation of reinforced concrete 
structures after a fire, finding the temperature of 
concrete heating, the standard and design re- 
sistance of concrete to compression and stretch- 
ing, an algorithm was compiled in Fig. 6. 

Based on this algorithm, you can develop a 
program for an ultrasonic flaw detector. The pro- 
cedure for calculating the program using this al- 


gorithm is as follows: 


a 





Cy Co Rom Re Rom Re 


k:=C,/Co 


Hem Owm6xa, HenpaBunbHo 
BBEMeHO 3HaYeHve C, 


fla 


t: = -1300,4k*4+2857, 2k*3-2390,2k*2+218, 98k+632, 36 





Aa Vor = 7 








fla 
Bemon Ha cunuxamnom 
Janonnumene ? 


Vor = 1-0,05(t-20)/180 
Vx = 1-0,4(t-20)/180 







6emor Ha cunuxamnom 
sanonuumene ? 


Vor = 1-0,05(t-20)/180 
Ve = 1-0,35(t-20)/1 80 









Ver = 0,95-0,05(t-200)/100 
Vo = 0,6-0,15(t-200)/100 
















Semox Ha CunucamHom 
sanonnumene ? 


fla 
200 < ts 300 


Hem 


Ala 
300 < ts 400 


Hem 


400 < ts 500 


Hem 


Yee = 0,95-0,05(t-200)/100 
Ye = 0,65-0, 15(t-200)/100 
















Ve = 0,9-0, 1(t-300)/100 
Vx = 0,45-0, 15(t-300)/100 


Bemoxw va cunuxamHom 
aanonwumene? 


Vee = 0,9-0,05(t-300)/100 
V_ = 0,5-0,15(t-300)/100 

























Vee ® 0,8-0, 1(t-400)/100 
Vx = 0,3-0,15(t-400)/100 


Semoxu Ha cunuxamHom 
JanonHumene ? 


Vee = 0,85-0,05(t-400)/100 
V» = 0,35-0, 15(t-400)/100 









Vee = 0,7-0,2(t-500)/100 
Ve = 0,15-0, 12(t-500)/100 


Rone = Roe¥ ot 
Hem fla RR, =R, 
Bemow wa CunuKamunom 500 < t s 600 Semon va cunuxamnom b.tem — *eVee 
sanonnumene? sanonnumene? Rowe = RewnVu 
Ron = Run 


Vie = 0,8-0,2(t-500)/100 
Vo = 0,2-0,15(t-500)/100 












)KBK umeem cunbHbie noepexdexus, NocKONbKy 
memnepamypa Haepeea 6emona > 600 °C. 
HopmamueéxHoe conpomuenexue 6bemona 
cxamuw < R,,,, ; 

Pacyemuoe conpomuenenue 6bemona 
cxKamuw < Ry som? 

Hopmamuexoe conpomuenexue 6bemoHa 
pacmaxexun < Ry, ; 

Pacyemxoe conpomuenenue 6emona 
pacmsxeHuw < Ri». 


Sw KoHeu 


Puc. 6. byloK-cxema asIropHTMa HaxoOxK CHUA TeMIepaTypbl HarpesBa UW IpOUHOCTHBIX 
XapaKTepucTHK OeTOHA TociIe WoxKapa 
Fig. 6. Block diagram of an algorithm for finding the heating temperature and strength characteristics of 
concrete after a fire 
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Ilops0k paOorTbI IporpaMMBI 110 yKa3aHHOMy asIrOpuTMy CJlexqyrouMi: 


1. HeoOxoaqumMo BblOpaTb Kiacc OeTOHA, 13 
KOTOPOrO H3rOTOBJICEHa KOHCTPyKIIMA (aBTOMATH- 
YeCKH 3aatoTcaA 3HadeHHA Co, Ryn, Ry, Rom, Rot), 
3aTeM BBeCTH 3HayeHHe (PakKTHYeCKOM CKOpOCTU 
IIPOXOXKICHHA YIbTpa3sByKOBOM BOJIHbI B TOUKe 
u3MepeHHa Cy; 

2. Bsrauciaetca 3HayeHve Kkoodduunenta K 
m0 dopmyaie (1); 

3. Ipopepsetca ycnopue — kosdduunent K 
JOJDKeH HaXOJIMTbCA B MHTepBase OT 0 oO 1. Ecam 
«Jia», TO IporpaMMa TpoyOJpKaeT pacueT, ecu 
«HeT™, Ha 9KpaHe MOABIAeTCA CooOmeHHe 
«OmmOka, HelpaBHJIbHO BBeeHO 3HayeHHe Cy»; 

4. IlomyaeHHoe 3HayeHve KoImddulMeHTa K 
HOJCTaBLAeTCA B PopMyiy (2) u oNpeyensetca 
TeMIlepatypa HarpeBa OeTOoHAa; 

5. Omnpejesaetca WMHTepBall TemMMepaTyp, B 
KOTOPbIM MonagzaeT HaleHHad 10 MopmMyuie (2) 
TeMIlepatypa HarpeBa OeToHa; 

Ecam TemMilepatypa HarpeBa OeToHa (ft) Haxo- 
JMTbCA B UHTepBase OT 17,94 no 20 °C, To Zamee 
IporpaMMa jielaeT 3ampoc «beToH Ha CHJIMKaT- 
HOM 3anOJIHUTese?». OTBeT «HeT» Noapa3yMeBa- 
eT, UTO OeTOH Ha KapOOHAaTHOM 3anouHuTese. B 
JJaHHOM JiMala30He TeMMepaTyp AIA CHIMKaTHO- 
TO HW JIA KapOOHaTHOrO 3alOJIHHTeIA 3HAICHUA 
KOIPMUUMEHTOB YCJIOBMM padoTb! IPHHUMAarOTCA 
paBHbimy | (yy = 1; yx = 1) W 3Ha4deHHA WpoU- 
HOCTHBIX XA@PaKTeCPHCTUK COOTBETCTBYIOT Xapak- 
TepHCTHKaM OeTOHa B HeHarpeTOM COCTOAHHU 
(Ront = Ron; Rotem = Ro; Rom = Rom; Row = Ror); 

Ecm Temiepatypa HarpeBa OeTOHAa HaxOJUTCA 
B WHTepBane OT 20 yo 200 °C, mporpammMa BBI- 
IOJIHACT TOT 2K 3allpOc, 4YTO UH B MpebIAyUleM 
IyYHKTe ayroputMa. Jia OeToHa Ha CHJIMKaTHOM 
3allOJIHUTese, Ha OCHOBaHHU TaOdsMbI 2.2. [7], 
3HayeHHaA KOo@MUUMeEHTOB yCJIOBHH padorTH 
ONpeesAIOTCA MeCTOJOM JIMHeCMHOW UHTepnossA- 


IMM 10 PopMyiaM (7) u (8): 


1. It is necessary to choose the class of con- 
crete from which the construction is made (the 
values Co, Ron, Rp, Rom, Roe are automatically set) 
and enter the value of the actual ultrasonic wave 
velocity at the measurement point Cg; 

2. Calculate the value of the coefficient K by 
the formula (1); 

3. The condition is checked - the coefficient 
K must be in the range from 0 to 1. If "Yes", the 
program continues the calculation, if "No", the 
message "Error, incorrectly entered value Cg" 
appears on the screen; 

4. The obtained value of the coefficient K is 
substituted into the formula (2) and the tempera- 
ture of the concrete heating is determined; 

5. Next, the program finds the temperature 
range into which the temperature of the concrete 
heating found by formula (2) falls; 

If the temperature of concrete heating (f) 1s 
in the range from 17,94 to 20 °C, then the pro- 
gram makes a request "Concrete on silicate ag- 
gregate?". The answer "No" implies that the con- 
crete 1s on a carbonate aggregate. In the given 
temperature range, that for the silicate one, for the 
carbonate filler, the values of the operating condi- 
tions coefficients are assumed to be equal to 1 (Ya, 
= 1; yw = 1) and the values of the strength charac- 
teristics correspond to that for concrete in the un- 
heated state (Ron = Ron; Rotem = Ros Rome = Rom; 
Rou = Ror); 

If the temperature of concrete heating is in 
the range from 20 to 200 °C, the program per- 
forms the same request as in the previous para- 
graph of the algorithm. For concrete on silicate 
aggregate, based on Table 2.2. [7], the coeffi- 
cients of the operating conditions are determined 
by the method of linear interpolation from formu- 
las (7) and (8): 


Yor = 1-0,05-(t-20)/180, (7) 

V2 = 1-0,4-(t-20)/180. (8) 

Jina OeTOHa Ha KapOOHAaTHOM 3alOJIHUTese 10 
(bopMysiaM (9) u (10): 


For concrete on a carbonate aggregate accord- 
ing to formulas (9) and (10): 


Yin = 1-0,05-(t-20)/180, (9) 
Yn = 1-0,35-(t-20)/180. (10) 





a 





B untepsasie oT 200 go 300 °C, aa OeTOHa Ha In the range from 200 to 300 °C, for concrete 


CHJIMKaTHOM 3allOJIHHTee KOIPMHIMECHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OllpesesAIOTCA 10 PopmMysiaM (11) u ing conditions are determined by formulas (11) 
(12): and (12): 
Yor = 0,95—0,05-(t#—200)/100, (11) 
¥ 11 = 0,6—0,15-(#-200)/100. (12) 
Jia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopmysiam (13) u (14): ing to formulas (13) anOd (14): 
Yor = 0,95—0,05-(t#-200)/100, (13) 
Vi = 0,65—0,15-(t#-200)/100. (14) 
B untepsasie oT 300 go 400 °C, aa OeTOHa Ha In the range from 300 to 400 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMeCHTHI YCIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoThI OlpewesAIOTCA 10 PopMysiaM (15) u ing conditions are determined by formulas (15) 
(16): and (16): 
Yor = 0,9-0, 1 -(t-300)/100, (15) 
V1 = 0,45—0,15-(-300)/100. (16) 
Jia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopmysiam (17) u (18): ing to formulas (17) and (18): 
Yor = 0,9-0,05-(t-300)/100, (17) 
V1 = 0,5—0,15-(#-300)/100. (18) 
B untepsase oT 400 yo 500 °C, aun OeTOHa Ha In the range from 400 to 500 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMeEHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OlIpewesAIOTCA 10 PopMysiam (19) u ing conditions are determined by formulas (19) 
(20): and (20): 
Yor = 0,8—0, 1 -(t400)/100, (19) 
Y 1 = 0,3—0,15-(400)/100. (20) 
JIia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 0 For concrete on a carbonate aggregate accord- 
(bopMysiaM (21) u (22): ing to formulas (21) and (22): 
Yor = 0,85—0,05-(t400)/100, (21) 
¥ 21 = 0,35—0,15-(-400)/100. (22) 
B untepsase oT 500 yo 600 °C, aun OeTOHa Ha In the range from 500 to 600 °C, for concrete 
CHJIMKaTHOM 3allOJIHHTese KOIPMHIMEHTHI YCJIO- on a silicate aggregate, the coefficients of operat- 
BUM paOoTsI OlpesesAIOTCA 10 PopMysiaM (23) u ing conditions are determined by formulas (23) 
(24): and (24): 
Yor = 0,7—0,2-(t-500)/100, (23) 
V1 = 0,15—0,12-(t#-500)/100. (24) 
JIia OeTOHa Ha KapOOHATHOM 3allOJIHUTesIe 10 For concrete on a carbonate aggregate accord- 
(bopmysiam (25) u (26): ing to formulas (25) and (26): 
Yor = 0,8—0,2-(t-500)/100, (25) 
¥ 1 = 0,2—0,15-(t-—500)/100. (26) 
Ecim 2%e TemMilepaTypa HarpeBa OeToHa mpe- If, however, the temperature of concrete heat- 
BbiuaeT 600 °C, TO IporpamMMa IIpHHuMaeT AIA ing exceeds 600 °C, the program takes the coeffi- 
OeTOHa Ha CHJIMKATHOM 3anouHuTese KoIpmUunH- cients of the operating conditions y,, = 0,5 for 
CHTbI YCJIOBHM paoorTEl Yp; = 0,5; Yr = 0,03, a nA concrete on a silicate aggregate; y, = 0,03, and 
OeTOHa Ha KapOOHAaTHOM 3anOuHUTee Yp; = 0,6; for concrete on carbonate filler y,, = 0,6; yx = 
Yi = 0,05. 0,05. 
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6. Ha aHHOM 9Talle OCYIIeCTBIIAeTCA pacueT 
IIPOUHOCTHBIX XAapaKTepHCTHK OeTOHAa 10 (opMy- 
jiaM (3-6). 

7. 3aKIKOUNTeCIbHbIM 93TAIOM padoThI Tpo- 
TPpaMMBbI ABJIACTCH BbIBO, pe3yJIbTaTOB pacuerTa. 
30€Cb BO3MO%XKHO Ba BapWaHTa BbIBOJa Pe3yIb- 
TATOB: 

a) Ecim Temilepatypa HarpeBa OeTOHa Haxo- 
JMTbCA B MHTepBasie OT 17,94 no 600 °C BKIrOUN- 
TeCJIbHO, TO Ha IKPaH BbIBOAHTCA 3HadeHHe TeM- 
llepaTypbl HarpeBa OerToHa (ft), HOPMaTHBHOe Co- 
IIPOTHBAeHHe OeTOHa C2#KATHIO (Ron), PAacdeTHOe 
CONPOTHBJIeHHe OeTOHA C2#*KATUHIO (Rp tem), HOPMAa- 
THBHOe€ COMpOTHBeHHe OeTOHa pacTs2»KeHHIO 
(Rom), PACHeTHOe COMpOTHBAeHHe OeTOHAa pac- 
TSDKCHHIO (R pz); 

6) Ecum TemiepaTtypa HarpeBa OeToHa Ipe- 
BbuuaeT 600°C, TO porpamMa BBIBOJMT Ha 
9KpaH cooomeHve, 4TO 2%*ee300eTOHHadA KOH- 
CTPYKUMA WMeeT CHJIbHbIe MOBpexKAeHHA, T0- 
CKOJIBKY TeMMepaTypa HarpeBa OeTOHa > 600 °C. 
HopMatTuBHoe COlnpoTHBsIeHHe OeTOHAa C2KATHIO < 
Ront, PACHeETHOE COMPOTHBIeHHe OeTOHA C2KAaTHIO 
< Rprem, HOPMATHBHOe COMpOTHBIIeHHe OeTOHa 
pacTsKeHHtO < Rpyyn;, PaCueTHOe COMPOTUBJIEHHe 
OeTOHAa pacTs2KeHHIO < Rpy. 

3akmo4ueHne. I[porpaMMupoBaHue = ysIbTpa- 
3BYKOBOrO jle@eKTOCKONa Ha OCHOBe pa3pado- 
TaHHOTO aBTOPOM aJIrOpHTMa HO3BOJIMT Mp u3- 
BeECTHOH CKOPOCTH IIpOXOXKJCHHA YJIbTPa3zsByKO- 
BOM BOJIHbI OMpeeuATb TeMlepaTypy HarpeBa 
7KeTIE3OOCTOHHBIX KOHCTPyKIMH, a TaKxKe OCHOB- 
HbIe MPOUHOCTHbIe XapaKTepHCTHKU OeTOHA I0- 
cue Noxapa. YCOBepIICHCTBOBaHHbIM yJIbTpa3By- 
KOBOH JedeKTOCKON OyeT Noue3eH Kak COTPYyA- 
HukaM COY OIC UII, Tak u opranu3aiuaM, 
OCYII[CCTBJIAIOIIMM OICHKyY OCTATOUHON Hecylllen 
CIOCOOHOCTH 2KesIe300CTOHHBIX KOHCTPYKIIMM 
oce Wo*Kapa. 

Vi3yyeHue TexHWueCKHUX XapaKTepHCTHK U 
IIPHHUMMOB paOOTbI COBPCMCHHBIX YJIbTpa3ByKO- 
BbIX edexTocKonoB (Starmans DIO 1000 
LF, YCJ-60H, A1040 MIRA, A1220 MOHO- 
JIMT), tpeqHa3HayeHHbIx JWIa UcciTesOBAaHui 
KaMCHHBbIX MaTepHasioB, a Tak?%Ke aHasiu3 Hay4- 


HbIX paOoT UM CTaTeH, MOCBAIICHHBIX MeTOJLY YJIb- 





6. At the next stage, after determining the co- 
efficients of concrete working conditions, the 
strength characteristics of the concrete are calcu- 
lated using formulas (3-6). 

7. The final stage of the program is the deri- 
vation of the results of the calculation. There are 
two possible output options: 

a) If the temperature of the concrete heating 1s 
in the range from 17,94 to 600 °C inclusive, the 
value of the concrete heating temperature (f), the 
concrete resistance of the concrete (Ron;), the cal- 
culated resistance of the concrete to compression 
(Rp tem), Standard tensile resistance of concrete 
(Ropinr), design tensile strength of concrete (Rp;); 

b) If the temperature of concrete heating ex- 
ceeds 600 °C, the program displays a message 
that the reinforced concrete structure is severely 
damaged, since the temperature of the concrete 
heating is > 600 °C. The normative resistance of 
concrete to compression < R,,;, the design re- 
sistance of concrete to compression < Rp tem, the 
tensile strength of concrete < Rpm, the design re- 
sistance of concrete to stretching < R py. 

The conclusion. Programming of the ultra- 
sonic flaw detector according to the algorithm 
presented in this article will allow to determine 
the temperature of heating of reinforced concrete 
structures, as well as the basic strength character- 
istics of concrete after a fire, at a known ultrason- 
ic wave transmission speed. The improved ultra- 
sonic flaw detector will be useful both for the 
employees of the FEI FFS TEL, as well as for or- 
ganizations that evaluate the residual load-bearing 
capacity of reinforced concrete structures after a 
fire. 

Study of technical characteristics and princi- 
ples of operation of modern ultrasonic flaw detec- 
tors (Starmans DIO 1000 LF, USD-60N, A1040 
MIRA, A1l220 MONOLITH) intended for re- 


search of stone materials, as well as analysis of 
scientific papers and articles devoted to the meth- 





Tpa3BYKOBOH AedekTocKkonun [8—10], 1O3BONAFOT 
TOBOPHTb O TOM, 4TO IIpewiaraeMbId B HacTos- 
ieH padOoTe MeTOy, OnpeyeneHuA TeMMepatypbl U 
IpOuHOcTH OeTOHa Tocie WoOxKapa ABIIAeCTCA HH- 
HOBallMOHHBIM. 
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od of ultrasonic flaw detection [8-10], allow us to 
say that the method proposed in this article for 
determining the temperature and strength of con- 
crete after a fire 1s innovative. 
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OBECHEGEHHE bBESOMACHOCTH 
HPOXOJIA PbIb HA HEPECT HA TTPHMEPE 
KOYUETOBCKOTO 

PHAPOY3JIA HA PEKE JIOH 
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HopouepkaccKHl HH2KeHEpHO-MeIMOpaTHBHBIN 
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B padote lpoaHalmM3upoBaHo cocTOsAHHe psI0o- 
IIPOMYCKHBIX coopyxeHuM (PIIC) Ha Konctantu- 
HOBCKOM, HukoslaeBcKOM HU KoueTOBCKOM ruy{po- 
y3ax. OTMeyeHa HeOOXOJMMOCTb CTPOHTEJIBCTBA 
HOBOrO PbIOOIpOMyCKHOrO coopyxKeHuA Ha Koue- 
TOBCKOM rvypoy3ie. ABTOpaMu TpeoxKeHa HO- 
Baad KOHCTpyKuMa PIIC B Bue NOTKa, COeMHAIO- 
ero BepXHHH UW HWKHU Obedpi. JloToK ycTaHaB- 
NMBaeTCA B OJMH W3 MpOETOB BOJOCJIMBHOM MJI0- 
THHBI. [IpeycTaBseHbl pe3yIbTaTbI UCCIeOBAaHHA 
BJIMAHHA TIIYOUHEI B Haase JIOTKAa Ip pa3zsIM4HBbIxX 
yKJIOHaX Ha CKOPOCTH HO JmMHe WOTKa. PesyibTa- 
TbI HCCUeOBAaHHM TpeCTaBJIeHbI B BUe 3aBHCH- 
MOCTeH, JICEMOHCTPHPyIOlux MYHKUMOHAIbHOCTB 
IIpeJIOXHKCHHOM KOHCTPyYKIMH WU BO3MO%KHOCTB eé 
MCHOJIb3OBAHHA JIA TpOmycKa pbiObl Yepe3 ru po- 
y3JIbI B WepHoy, Hepecta. 


KunoueBble CJ1I0Ba: THpoy3es, BepxHui Obed, 
HWKHUN Obed, pacxoy WOTOKa, ryOuHa MOTOKA, 
YKJIOH JIHa JIOTKA, JOIYCTHMbIe CKOpOCTH, Murpa- 
IMA pbiO, Hepecr. 

Bpegenne. Kouerospckui ruyapoy3el pacio- 
ox#KeH Ha peke Jlon Ha 123 km HuKe LluMisHCKO- 
ro ruyzpoy3s1a, B 7,5 KM OT ycTba peku CeBepckui 
Jjoney. B cocTaB ruypoy3a BXOAT cyeqyroulMe 
TMApoTexHuyeckKue cCOOpyxKeHHA:  CYOXOJIHbIM 
IWJIKO3, IJIOTHHa C TMOBOPOTHBIMH (bepMaMH, BOJO- 
CHMBHad IWIOTHHa, CTallMOHapHbIM pbIOOMpOrycK- 
How w1o03 (PII). IWno0rmHa c noBopoTHbimu 
(bepMaMH TlepekpbiBaeT pycio peku JloH Ha mMpu- 
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PROVIDING SAFETY OF FISH PASSING 
TO SPAWNING GROUND ON THE 

EXAMPLE OF KOCHETOVSKY WATER- 
WORKS FACILITY ON THE RIVER DON 
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A. A. Dontsov 
Novocherkassk Reclamation Engineering Institute 
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Russian Federation 
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The paper provides the analysis of the state of 
(FPF) on  Konstanti- 
novsky, Nikolaevsky and Kochetovsky water- 


fish-passing facilities 


works facility. The need of construction of a 
new fish-passing facility on Kochetovsky wa- 
terworks facility is especially noted. The authors 
have offered a new design of a fish-passing fa- 
cility in the form of the tray connecting the up- 
stream and the downstream. The tray is estab- 
lished in one of the bays of a weir dam. The re- 
search results on the influence of the depth at 
the beginning of a tray at various gradients at 
speeds on tray length are presented. 

The research results are presented in the form of 
dependences showing functionality of the of- 
fered design and the possibility of its use for the 
pass of fish through waterworks facility during 
spawning period. 

Keywords: waterworks facility, upstream, 
downstream, flow discharge, flow depth, tray 
bottom gradient, admissible speeds, fish migra- 
tion, Spawning. 

Introduction. Kochetovsky waterworks fa- 
cility is located on the river Don 123 km below 
Tsimlyansky waterworks facility, 7.5 km from 
the mouth of the Seversky Donets river. The 
structure of the waterworks facility includes the 
following hydraulic structures: a shipping lock, 
a dam with rotary frames, a weir dam, a station- 
ary fish-passing lock (FPL). Dam with rotary 
frames closes the channel of the Don at a width 


of 129 m and maintains the upstream level (UL) 


http://bps-journal.ru/ 79 





Obede (YBBB) Ha otmetxe 5,2 M. beToHHasd BOJO- 
CIMBHad IWIOTHHA UMeeT TPH posetTa 10 20 MeT- 
poB c OTMeTKON NOpora 0,7 M. OTBepcTua MIOTU- 
HbI II€@pCKPbIBAIOTCA MeTAaJWIMYeECKMMU 3aTBOpPaMH. 

PplOonmponycKHOH INIKO3 WpeycTaBiaeT coooK 
IIPAMOYFOJIBHBIN OeTOHHbIM JIOTOK AWHMHOM 155 
METPOB C TOPH30HTAJIbHbIM JIHOM HM OTHOCHTCA K 
PBIOONpONYycKHbIM COOPyXKeHHAM IMKIIM4HOrO 
evucTBua. CrpoutesbcTBo Kouyerosckoro ruypo- 
y3ula CBA3aHO Cc 3alrlycKOM B 1914 rony CeBepcko- 
JIOHEIKOM UIWJIKO30BaHHOW CHCTeMBbI, MpeqHa3Ha- 
YeCHHOM JJIX BbIBO3Aa KAaMeHHOrO yruia JloHOacca B 
peruoHp1 A30B0-YUepHomopckoro OacceriHa. Ha 
COBPeMeHHOM 9Talle KoueTOBCKHH TUApPOy3esl BXO- 
MT B KacKajl HU3KOHANOpHbIX THApOy3J10B, O0ec- 
TICUMBaFOINHX TIIYOMHbI AA JBYXKeHHA peyYHOrO 
TpaHcnopta m0 peke J[on oT A30BCKOrO MOps JO 
[[uMsiIAHCKOrO rTuzApoy3ua (puc. 1). 
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te bere oe 


Pioc 108 id 
Aowy 





at around 5.2 m. The concrete spillway dam has 
three bays, 20 meters each; with a threshold 
mark of 0.7 m. Dam openings are covered with 
metal bars. 

Fish-passing lock is a rectangular concrete 
tray with a length of 155 m with a horizontal 
bottom and refers to cycle fish-passing facilities. 
The construction of Kochetovsky waterworks 
facility is connected with the launch in 1914 of 
the North-Donetsk lock system intended for the 
export of Donbass coal to the regions of the 
Azov-Black Sea basin. At the present stage 
Kochetovsky waterworks facility enters the cas- 
cade of low-pressure waterworks facilities, 
providing depth for the river transport move- 
ment on the Don from the Azov Sea to Tsim- 
lyansky waterworks facility (Fig. 1). 


HHKONAEBCKHA 
FHBPOYIEN 


KOYETKOBCKHA oer earn E 
FRAPOYSEN oO 


KOHCTAHTHHOBCKHA 
rMpPoyaen 


Puc. 1. Kapra-cxema JJonckoro Kackayla THApOy3J10B 


Fig. 1. Map of Don cascade of waterworks facilities 


° S-jyournal.ru 


——- ie CE2OUACHOCTb TEXHOTEHHDI A TPUPOJTHE rr OUCTEN No3 { 
ae Safety of Technogenic and Natural Systems 2018 


.. ” 
re 





Pexa JloH saBIIAeTCA KpynNHeHWIMM pbIOoIpo- The Don is the largest fish-producing reser- 


IYKTHBHBIM BOOCMOM PoccHH, BiaqarolquM B voir in Russia, flowing into the Azov Sea. Dur- 
A30BCKoe Mope. B TeyeHve BeCeHHe-OCeHHero ing spring and autumn spawning period, migra- 
HepecToBoro Mepwoya MpoxosHEIe HW MOJTyIpo- a . 
P Pope eee Emme YEP tory and semi-migratory fish species move to the 
XOJJHbIC BUI pbIO JBWKYTCA K HepecTHJIMINaM, 
spawning grounds located near Tsimlyansky wa- 
paciiouox*xeHHbIM OKONO [luMsIAHCKOTO ruyApoy3- 


na. Ha ux yTw K HepecTuIMIaM B peke pacrio- terworks facility. On their way to the spawning 


NOKeHbI MUrpaltvoHHEIe Gappepp1 — Koueros- grounds in the river, there are migration barriers 
ckui, KoncrantuHoscKuii, Huxomaescxui rug- - Kochetovsky, Konstantinovsky, Nikolaevsky 
poy3nb1. Jia mponycka mMurpupyroulux ocober waterworks facilities. Fish channels providing 
Ha HukosaepckomM, KOHCTaHTHHOBCKOM IH JIpoy3- uninterrupted passage of migrants from the 


aX 3alIpOeCKTHpOBaHbl HW TOCTpOeHbI pbIOOXO- downstream to the upstream (Fig. 1) are de- 


Hble KaHalIbl, OOeceuuMBarollMe OeciipepbiBHbIii 
- Pep signed and constructed to let migratory fish pass 

IIpOMyCK MUrpaHTOB W3 HWKHETO Obed*a B Bepx- 

© . at Nikolaevsky and Konstantinovsky water- 

Huu (puc. 1). Pacxoy Bob, Npoxoyamen yepe3 


KaHasIbl, coctaBsiaet 50-70 kyOu4ecKHX MeTPOB B works facilities. The flow of water passing 


CeKYHAy, 4TO OOeCHeuMBaeT TIPOXOA B BepxXHun through the channels is 50-70 cubic meters per 

Obed) BCeX MUTpaHToOR. second, which ensures the passage of all mi- 
Ha KoueToBcKoM rHApoy3syie WIA ImWpomycKka grants upstream. 

pblO, TBWOKYIIMXCA Ha HepecT, 3ampoeKTUpoOBaH Kochetovsky waterworks facility for the pas- 


BIOOXOTHBIN WWIO3 IMKIMYHOrO JIeHCTBHA C ro- 
P A - A sage of fish moving to spawning ground has the 
PH30HTaIbHOM KamMeponw. MuHorounciieHHbie HCc- _— ; ; ; 

designed cyclic fish-passing lock with horizontal 
CieOBaHHA, BbITOJIHCHHbIC pa3JIM4HbIMU pbIOO- 


. : camera. Numerous studies performed in differ- 
XO3AHCTBCHHBIMU OpraHH3allwAMu, a TakKxKe yu4eé- 


HbIMU Hopouyepkaccxoro WHDKeHepHo- ent fishing organizations and scientists of Novo- 
MeJIMOpaTHBHOrO MHCTHTyTa, WOKa3asId HM3KYO cherkassk Reclamation Engineering Institute, 
3addextTuBHoctb padots PIIMI B nepuox Hepe- showed low efficiency of FPL in the spawning 
CTOBOrO xogja pbI0. Takum oOpa3om, eclIM pac- period. Thus, if we consider the cascade of wa- 


a ce a a terworks from the point of view of fish passing, 


PeOOTBOUY CEG, 20: ROdeTOuC Kit TuApOy ech Ae Kochetovsky waterworks facility 1s an ineffi- 
aeTCA HeIPMeCKTHBHbIM 3JICMCHTOM, TOPMO3S- aie 

cient element that inhibits and delays the pas- 
IMM MW 3aJepxKUBAIOIWIUM IIpoOsBMKeHve pBIO Ha 


Hepect. ABTOpsI IpelararoT MOBBICUTS 2bdbex- sage of fish to spawning grounds. The authors 


THBHOCTb IIpOmycka IlyTéM CTPOHTeJIbCTBa HOBO- propose to improve the passage efficiency by the 
TO pblOoMpolmycKHoro coopy2xKeHHs. OTMeTuM, construction of a new fish-passing facility. It 
4TO CYIICCTBYFOMMe PbIOOIpPOMyCKHble KaHasIbl, should be noted that the existing fish channels, 
MOCTpoeHHbIe B 70-e TOAbI MpOWWIOTO Beka, Hy%K- built in the 70s of the last century, need major 


JJarOTCA B KalUTaJIbHOM PeMOHTe HU TpeOyrOT pe- repairs and require reconstruction. 


KOHCT Wu. 
Py" The design process of the fish channel on 

IIpoektupoBaHve pbi0OoxoyHOoro KaHasla Ha oo, 

Kochetovsky waterworks facility is hampered by 

KoueToBcKOM ruypoy3sle 3aTpyAHeHO OTCYTCTBH- 


eM TeppuTOpuM JIA pacromoxKeHUA 6-7 KHIIO- the lack of territory for the location of 6-7 kilo- 


MeTpoB KaHala ruyOuHol 1,5-2,0 merpa. Ipu meters of the channel with a depth of 1.5—2.0 
CpeaqHei WiMpuHe KaHasa 20-30 MeTpoB HeoO0xo- meters. With an average channel width of 20-30 
WuMad TOWatb cocraBuT 18—20 ra NecHBIxX yro- meters, the required area will be 18-20 hectares 
mun. of forestland. 
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B HacToalee BPeMA CYIICCTBYIOT pa3pa0oTKH, 
BOIJIOM[CHHbIC HA MHOIMX peKkax Esponsi u A3nu. 
OTH KOHCTpyKUMH OObeTMHeEHBI B  OOJIbIITYEO 
KacCHUKalMOHHY!O Tpyliily PbIOOMpOMyCKHBIXx 
COOpyxKeHHH, KOTOPblIe HMUTHPyFOT eCTeCTBeH- 
Hble peyHble yCcOBUA. K 9THM COOPyxKeCHHAM OT- 
HOCATCA JOHHbIe CKaTbI, OOXOJHbIe KaHalIbl, PbIO- 
Hble CKatTbl (puc. 2) [1]. 


Currently, there are developments embodied 
in many rivers of Europe and Asia. These struc- 
tures are included into a large classification 
group of fish-passing facilities that simulate nat- 
ural river conditions. These structures include 


bottom slopes, bypass channels, fish slopes (Fig. 
2) [1]. 





a) b) 


c) 





Puc. 2. PhiOomponycKHble CoopyxKeHHA, HMUTHPYFOllINe CCTECTBCHHbIe PeCuHbIe YCIOBUA: 


a) MOHHbIM cKaT, D) OOXOAHOU KaHall, C) pbIOHbI CKaT 


Fig. 2. Fish-passing facilities that simulate natural river conditions: 
(a) bottom slope, (b) bypass channel, (c) fish slope 


PpiOHBIe CKaTbI — 39TO PbIOOMPOYyCKHbIe co- 
opyKeHna (PIIC), Omu3kve K NIpHpOHbIM KOHCTpyK- 
IMAM MW XapakTepv3yFOUIMecA CIIe{yFOUWMMU OcobeH- 
HOCTAMH: 

® yNOOCTBO JIA MUIpaliuu pbIObI B BepxXHHM u 
HWKHUM Obed), BO3MOXKHOCTh TWpoxosla JWI MeuIKOM 
PbIObI, MaJIBKOB, JIOHHbIX TO3BOHOUHBIX; 

® eCTeCTBCHHbIM, BH3yaJIbHO MpHBsIeKaTesIbHbIM 
BH; 

@ He 3ACOPAKOTCA MYCOPOM I1aBOJIKOB, He BIMAFOT 
Ha 3((eKTHBHOCTS padorTs! COOPyKeHHA B I[CJIOM. 

@ pacrOJsIOXKeHbI HeEMOCpeJICTBEHHO B THpPOy3ve, 
He W3MCHAFOT ero (YHKIMOHAIBHBIX BO3MO2%KHOCTeH 
(2). 

Ucnonp3ya wyero pacnosoxenua PIIC B coctaBe 
THApoy3s1a, ABTOPaMH Oba MpesANpHHATA MOMbITKAa 
paccuuTaTb JIOTOK TPAMOYrOJIbHOrO CeYeHHA, BIM- 
CaHHbIM B OJMH W3 MpoueTOB BOJOCIMBHOM TJI0- 
THHBI (puc. 3). 
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Fish slope is a fish-passing facility (FPF), 
similar to the natural structures and characterized 
by the following features: 

e convenience for fish migration upstream 
and downstream, the possibility of passage for 
small fish, fry, bottom vertebrates; 

e natural, visually appealing look; 

e not clogged with floods debris, does not 
affect the efficiency of the facility as a whole. 

e located directly in waterworks facility, 
does not change its functionality [2]. 

Using the idea of the location of FPF in the 
waterways facility, the authors have attempted to 
calculate the tray of rectangular cross section, 
inscribed in one of the bays of a spillway dam 
(Fig. 3). 
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Puce. 3. [Inman rugpoy3ia: 1 — nnoTuna; 2 — pbiOonporycKHOH IIrO3; 3 — BOJOCIIMBHad IWIOTHHA; 
4 — jIoTOK pblOHOro cKaTa; 5 — dITFOpbl CKOpocTeii; 6 — TpaccbI JBMKeHHA pbIO; 7 — BapHaHT KOHI[eBOH 4acTH JIOTKa 


Fig. 3. Waterworks facility plan: 1 — dam; 2 — fish —-passing lock; 3 — weir dam; 4 — fish slope tray; 
5 — velocity profile curves; 6 — route of fish movement; 7 — a design of the end portion of the tray 
PpiOonmponycKHoe CoopyxeHHe IIpesCTaBsAeT The fish-passing facility is a tray established 
coOoH JIOTOK, yCTaHOBJICHHBIM B OHH M3 Mposé- in one of the bays of a weir dam with a down- 
TOB BOHOCIMBHOM IVIOTHHBI C YKIOHOM B CTOpO- stream slope. The tray has a rectangular cross- 


ey HENS: Chee ee ee eee section of width b, the bottom of the tray is bur- 
Hoe ceyeHue WMpuHON b, WHO JIOTKAa 3arstyONeHO 


110], ypoBeHb BepxHero Gbeda (YBB) na ryOuny ied to the upstream level (UL) to a depth AH (Fig. 
H (puc. 4) [3-5]. 4) [3-5]. 
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Puc. 4. I[poqombupi mpoduib JOTKa 
Fig. 4. Longitudinal profile of the tray 
Iupuua notka b u riyOuna 3arsyOseHua Ha The width of the tray b and the depth of the 
H OyayT onmpeyenaTb pacxoy, BOI, IpoTeKato- bottom AH will determine the flow of water flow- 
IeH Yepe3 JIOTOK: ing through the tray: 


3 
Q=e:m-:b-./2g - Hz. 
Pacxoy, JOTKa HM ero YKIIOH OyAYyT OpeyesATb 
CKOPOCTH B JIOTKe, BIMAOMIMe Ha IposwBMKeHHe 


3 
Q=e-m:b-./2g -H2. 
The flow rate of the tray and its slope will de- 


-—_.. - —_____ 









a aD 


p10 m0 coopyxeHuto [6]. IIpeoqomumpie cKopo- 
CTH B JIOTK€ 3€BHCAT OT BUJOBOTO COCTaBa IIpo- 
ITyCKaeMBIX pbIO, UX pa3sMepa HW TeMIepaTypbI BO- 
bl. B NOTKe WOJDKHbI OLITb CO3TaHbI TaKHe CKO- 
POCTHbIe YCOBHA, YTOOKI Pa3sIM4Hble BUI PIO 
IpeowoueBasw coopyxXeHuve WM WOcTuraM Bepx- 
Hero Obedpa. 

TakuM oOpa30M, MocTaByIeHa MHOorodakTop- 
Had 3aylada C BbIXOAHOM PyHKUMeH, Orpanu4eH- 
HOH J{Mala30HOM CKOPOCTeH, MIPWeMJIeEMBIX JIA 
ppr0, uaqyuMx Ha HepectT [7, 8]. Ha nepBonayas5- 
HOM 9Talle HCCJICOBaHHH OBIT MpoOBeyEH aHasIn3 
BJIMAHUA TIYOMUHbI B Havase JIOTKa pH pa3IM4- 
HBIX YKJIOHAX Ha CKOPOCTH 110 JIMHe JoTKa. IIpu 
Pa3IH4HbIX 3HAYCHHAX WIMPHHBI JIOTKa b wu Iity- 
OuHbI H B BepxHeM Obedde C NOMOLIbIO ypaBHe- 
HUA HepaBHOMepHoro TBYKeHHA 
B. A. baxMetTbesa onpeyesIaJIMCb PIyYOUHBI B JIOT- 
Ke HM CTPOWIIMCh KpHBbIe CBOOOJHOM MOBepXxHo- 
CTH: 

il 
ho = Na (1 7 Yep) (On. 7 On, )I, 

rye ~ — YKJIOH JIOTKa ObictpotoKa; hh — 
HOpMasibHad TyOuHa B JIOTKe ObICTpOTOKAa; 
Ni, N2 — OTHOCHTeIbHbIC PIYOMHbI B COOTBET- 


CTBYFOUINX CTBOpax. 
ml hy 
Nha _ ho ) N2 _ ho ) 


| — paccTOAHHe MexKy CTBOpaMH; Py, — 


(DYHKIIMH, OMpeyeMeMble B 3ABHCMMOCTH OT rHd- 
paBJIM4eCKOrO NoKa3zaTesA pycia. 
JjaHHble pacuéTOB TpeCTaBJIeHbI B BUTE 


dyHKuHi ho /b = f (i) (puc. 5). 


termine the speed in the tray, affecting fish pas- 


sage through the facility [6]. Passable speeds in 
the tray depend on the fish species composition, 
their size and water temperature. The tray needs 
to create such speed conditions, so that various 
fish species pass through the facility and reach 
the upper pool. 

Thus, a multi-factor problem with an output 
function limited by the range of speeds accepta- 
ble for fish going to spawning ground is set [7, 
8]. At the initial stage of research, the effect of 
depth at the beginning of the tray at different 
slopes on the speed along the length of the tray 
was analyzed. At different values of the tray 
width b and the upper depth H, the depth of the 
tray and the free surface curves were determined 
using the B.A. Bakhmetev equation of non- 
uniform motion (b): 

= t= = (1- Yep): [Ons Pah 

where t — slope of high-velocity flow tray; 
hy — normal depth in high-velocity flow tray; 


N1> Nz — relative depths in the relevant sec- 


tions: 
hy hy 
N= ho’ ip = Ay ; 
1 — distance between the sections; @, — 


functions, determined depending on hydraulic 
channel indicator. 


These calculations are presented as functions 
ho/b = f (i) Fig. 5). 








s g to 


Puc. 5. DyHkuua 3aBucuMocTH h/b = f (1) 
Fig. 5. Function of dependence h/b = f (i) 
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IlomyyeHHble aHHble Id KOppeKTHPOBKU 
CKOpOCTeH MO3BOJIMJIM CewaTb BLIBO, O TOM, 4TO 
ceueHHe JIOTKa JOJDKHO pacilIMpaATbCaA B CTOPOHy 
HWKHEerO Obeda, YTO MO3BOJIMT YMCHbIMMTb Fly- 


OMHY B JIOTKe HW CKOPOCTb HOTOKA. 
BBIBOJIBI: 


1. Hopasd KOHCTpyKUMA pBIOOMpOMycKHOrO Co- 
OpyXKCHHA B BUTE JIOTKAa, BIMCbIBAeMOrO B BOJO- 
CJIMBHY!0 IWIOTHHY THApOy3s1a, WOS3BOUIMT OOecrie- 
4UTb IpOXxoO pbiO, ABMOKYIIMXCA 10 peke B Teye- 


HHe BCCro HepecroBoro Wepuvoyta. 


2. [uapapmuyueckue ycrospua B oTKe PIIC 
MO2%KHO KOPPeKTUPOBAaTh B 3ABMCHMOCTH OT BUOB 
IIpOMycKaeMOW pbIObIl C MOMOIIbIO HCKYCCTBeH- 


HOM IepOxoBaTOCTH. 


3. II[peqctrapnenuasa KonctTpykuna PITC 3Haun- 
TCJIbHO COKpalllaeT HCHOUb3yeMble WIOMmaiw pA- 
OM C THApoy3JIOM. PBIOOXOTHBIN KaHasl UMeeT 
IIPCHMYIeCTBO OeciepeOoHHOH paOoTH Teper 
PBIOOMpONyCKHbIM IJIKO30M HW HaWMMeHBIITyl1o 
CTOMMOCTH I10 CpaBHeHHIO C OOOMMU COOpyxKeHu- 


AMM. 


bu0s1norpamuyeckul CIMCOK. 


1. Anoxuy, A. M. Kputepuu oljeHKu pbi0o- 


IIPONYCKHBIX 


A. M. Kanamuuxos, M. B. JlykbaHenko // MHHOo- 
Ball[MOHHble IIpolecchl B Hay4Hou cpeyfe: cO. CT. 
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2. Fish passes — Design, dimensions and 


monitoring / DVWK/Rome: FAJ, 2012. 


3. [uypotexuuueckne coopyxeHua. OcHOB- 
Hple NonoKeHUA : CIT 58.13330.2012. Axryann- 


3uMpoBaHHaa pefakuMa CHull 33-01-2003 
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The data obtained to adjust the speeds al- 
lowed us to conclude that the cross section of the 
tray should expand towards the bottom, which 
will reduce the depth in the tray and the flow 
rate. 

Conclusions: 


1. The new design of the fish-passing facility 
in the form of a tray that fits into the weir dam of 
the waterworks facility will allow the passage of 
fish moving along the river during the entire 
spawning period. 

2. Hydraulic conditions in the FPF tray can 
be adjusted depending on the species of fish 
passed by means of artificial roughness. 

3. The presented design of the FPF signifi- 
cantly reduces the area used near the waterworks 
facility. Fish-passing channel has the advantage 
of smooth operation compared to the fish-passing 
lock, and cost least in comparison with both 
Structures. 
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PaccMOTpeHa akTyaJIbHad Ha CerOHAUIHHM JIeCHb 
WpoOseMa TYIMeHHA WaHWapTHbIxX WOKapOB U 
oOeclieyeHHA NORKapHOK Oe3somacHOCcTH B TIpHro- 
PONHON 30He ropoya PoctosBa-Ha-Jlony. Ilpose- 
JIeH aHasIM3 MapaMeTpoB MoOKapa, OKa3bIBarOlux 
HavOolIbliee HeraTHBHOe BO3AeCHCTBHe Ha OKpy- 
*KAOULy!O Cpey HU 3OPOBbe Oe, MpoOxKUBato- 
IHX B OM3e%xKaWuXx roporzax. IIpupeyeu pacuer 
TWIoWayqu WoKapa, KOTOpad MOXeT ObITb JOCTUI- 
HyTa B HOPMAaJIbHBIX MOrOHbIX YCIOBUAX K MO- 
MeHTY IIPHOBITHA TepBbIX TOKapHbIX NWOpa3e- 
NIeHUM. 


KunoueBbie CJIOBa: jaHAWaPTHbIe MO*Kapsl, 
IIpHropoyHad 30Ha, WoOxKapHad Oe30MmacHOcTh, 
pacyeT T0MaqM WOKapoB, JbIMOBOe 3arpsA3He- 
Hue, WapaMeTpbl JaHWWAapTHbIX MO*KapoOB, TOK- 


CHYHBbIC BIOPOCHI OT MOK apoB. 


Bsegenne. [loxkap MooKHO MpeyCTaBUTb B BUTE 
CNOXKHOrO Mu3HKO-xXHMHYeCKOrO Tpowecca, OTIM- 
Yarollerocd ABJICHUAMH Macco- HM TelJIOOOMeHA, KO- 
TOPbIM pa3BUBaeTCA BO BPeMeHH HU TIpocTpaHcTBe U 
XapakTepv3yeTcaA TaKMMM TapaMeTpaMUu, Kak CKO- 
pOcTb BbIrOpaHHsa, TeMMepaTypa, a TakxKe pxAOM 
yCJIOBHH Ciry4avHoro xapaktTepa. Iloxkapbl, Kak 143- 
BeCTHO, KiaccHullMpyrOT MO MaciliTaby, 93KOHOMH- 
YeCKOMY ylllepOy, JJIMTeJIbHOCTH MH MpouMM TIpH3Ha- 
Kam. CyllleCTByeT MHO2KECTBO pa3JIM4HBbIX KJIAaCcH- 
(bukaluMi ToxKapos. Ilo OHO 43 HUX TO*Kapp! Je- 
ATCA Ha paciiIpoctpaHsrolltMeca WU He paciipoctpa- 
HaromlMeca. K pacitpocTpaHaroliMMcsa ualile Bcero 
OTHOCATCA JICCHbIe, TOPMAHbIe VU aH WAPTHBIe T0- 
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The article considers the topical problem of ex- 
tinguishing landscape fires and ensuring fire 
safety in the suburban area of the city of Rostov- 
on-Don. The analysis of fire parameters is con- 
ducted. They have the greatest negative impact 
on the environment and health of people living 
in nearby cities. The paper provides the calcula- 
tion of a possible fire area, which can be in nor- 
mal weather conditions by the time of the arrival 


of the first fire-fighting units. 


Keywords: landscape fires, suburban area, fire 
safety, fire area calculation, smoke pollution, 
landscape fires parameters, toxic emissions from 
fires. 


Introduction. A fire can be represented as a 
complex physical and chemical process, charac- 
terized by mass and heat transfer phenomena, 
which develops in time and space and is charac- 
terized by parameters such as burnout rate, tem- 
perature, and a number of conditions of a ran- 
dom nature. Fires are known to be classified by 
scale, economic damage, duration and other 
characteristics. There are many different classi- 
fications of fires. According to one of them, fires 
are divided into spreading and not spreading 


ones. Forest, peat and landscape fires, which are 
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*KAPbI, KOTOPbIC HU ABJIAFKOTCA OOBCKTOM HacTOAIero 
YCCIeOBaHHA. 

OcnosHas yacrb. JlanzimadTHble WoO*Kapbl ya- 
CTO OTHOCAT K MeHee ONaCHbIM COOBITHAM M0 CpaB- 
HeHHEO C TO%KapaMM B XKVJIBIX 3JaHHAX UM TOPrOBbIxX 
I[eHTpax, 4TO He BCerya COOTBETCTBYyeT JICHCTBU- 
TCJIBHOCTH, MOCKOJIBKY YIepO OT 102K apoB, OXBaTHI- 
BarOLMX NPHTOposHsle aH WWAaPTHbIe 30HbI, HAaHO- 
CUMBIM ypOaHH3MpOBaHHbIM 3IKOCHCTeMaM, 3J10po- 
BbIO JIFOeH WM HWKHeEMy CIOKO aTMOCiepbI 3emMsIn, 
ABJIACTCA BECbMa OLLYTHMBIM. 


Tak, OCHOBHOM yillepO Np NoxKapax cBaA3aH He 
TOJIBKO C HeEIMOCpeICTBeCHHbIM JICeHCTBHeM TepMi4ye- 
Ckoro (bakTopa, HO HC TAKMMH (pakTOpaMH, KaK: 

|. 1u1aMa MW MCKpBbI; 

2. TEILJIOBOM MOTOK; 

3. MOBbIMIeHHad TeMIepatypa; 

4. MOBBILMCHHad KOHI[CHTpalaA TOKCHUHBIX IIpo- 
JLYKTOB rOpeHus; 

5. MOHWKeHHAad KOHICHTpallna KUCIOpOa; 

6. CHW2KeHHe BUJIMMOCTH. 

Tak, JbIM ABJIACTCA OJHHM 43 OllacHeiMx (bak- 
TOPOB TIpuH Mox*Kape. J[bIm WpexzcTaBsIAeT COOOM TOK- 
CH4HYIO COBOKYHHOCTb XMMM4YeCCKHX BeIIIeCTB, 00- 
Pa3YyIOIIMXcA B pe3syIbTaTe TOPeHHA, BKJIEKOUAeT MO- 
JI€KYJIbI YPIIEBOAOPOAOB, OKCHbI XMMHMYECKHX JIIe- 
MeHTOB, BOJAHOM Tap. Ilo cBoemMy cocTaBy JIbIM 
IIPCACTAaBIIAeT COOOM JOCTATOUHO pa3sHOpOHYy!O CO- 
BOKYIHOCTb XMMH4YCCKHX BEIIeCCTB pa3JIM4HOrO ar- 
peraTHoro cocTrosHHa. B 3TOM CBA3HM TOKCHUHOCTb 
KOMIIOHeEHTOB JIbIMa O4eBH Ha. B 4acTHOCTH, He- 
pa3JIO*KMBIUMecA OpraHvueckve IIpHMecH pa3HO- 
POTHBIX XUMHYeECKHX BEIIeCTB, IPHCyTCTBYFOUIMX B 
JIbIMaX, Pa3IparxKarOT CIIM3UCTbIC OOOOUKH, TPHBO- 
AT K NOHWKEHMIO COepxKaHHA KUCIOpoa B Opra- 
Hax HW TKaHAX, BbI3bIBAA TMIMOKCHIO UM OMacHoe JIA 
2%KV3HU yyllibe. B pe3ybTaTe 3TOTO BO3MO?KHa He 
TOUIbKO J[e30pHeHTalIMA B IIpOCTpaHcTBe, HO U 
OTpaBleHHe C MOCeXYIOIIMMH TOKCH4eCKUMY II0- 
PaKeHHAMU OpraHos UH TKaHeH. 

CocTosHve HY)KHUX CIOeCB ATMOC(EpbI OKAa3bIBa- 
CT CYII[CCTBeEHHOe BJIMAHHe Ha BBICOTY 10J{beMa JIbI- 
MOBOM CTpyH, YTO BO MHOFOM OlipeyeyaeT yCIOBHA 
pa3ioxKeHuA U Wuddy3uu WposyKTOB TropeHHA OT 
T1O2%KapOB. 

AKKYMYJIALIMA CaxKeBBIX YaCTHI UW MHbIX TIPOsyK- 





the object of this study, are the most common. 

Main part. Landscape fires are often con- 
sidered less dangerous than fires in residential 
buildings and shopping centers, which is not al- 
ways the case, as the damage caused by fires 
covering suburban landscape areas to urban eco- 
systems, human health and the lower atmosphere 
of the Earth is very significant. 

Thus, the main damage of fires is associated 
not only with the direct action of the thermal 
factor, but also with the factors such as: 

1. flames and sparks; 

2. heat flow; 

3. elevated temperature; 

4. increased concentration of toxic combus- 
tion products; 

5. reduced oxygen concentration; 

6. reduced visibility. 

Thus, smoke is one of the most dangerous 
factors in a fire. Smoke is a toxic set of chemi- 
cals formed as a result of a fire, including hy- 
drocarbon molecules, oxides of chemical ele- 
ments, water vapor. By its composition, smoke 
is a rather heterogeneous set of chemicals of dif- 
ferent aggregate states. In this regard, the toxici- 
ty of smoke components is obvious. In particu- 
lar, non-decomposed organic impurities of het- 
erogenetic chemicals present in the smoke 1rri- 
tate mucous membranes, lead to a decrease in 
the oxygen content in organs and tissues, caus- 
ing hypoxia and life-threatening suffocation. As 
a result, not only disorientation in space, but also 
poisoning with subsequent toxic damage to or- 
gans and tissues are possible 

The state of the lower layers of the atmos- 
phere has a significant impact on the height of a 
rise of a smoke jet, which largely determines the 
conditions of decomposition and diffusion of 


combustion products from fires. 
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TOB TOPeHHA B HYDKHUX CIIOAX Tponocdepbi MpHBO- 
TMT CYII[eCTBEHHOMY CHWKEHHEO KadeCcTBa IIPH3eM- 
HOrO BO3Lyxa, TO y2xKe JJOCTATOYHO WaBHO UccIey- 
eTCH OTCYCCTBCHHbIMU VU 3apyOe2xKHbIMM CiielMasin- 
CTaMU B OOsIacTH (u3HKU aTMOC(epsI. 

OnpeyesyIeHve BBICOTHI JIbIMa OT JIaHWIAaPTHbIX 
TOxKAapOB UMeer (PyHTaMeHTalbHoOe 3HayeHHe JIA 
pacueTa MapaMeTpoB TepeHoca JIbIMOBOM CTpyH 
IIPOrHO3a BO3MO?KHBIX YILEPOOB OT TOK apos. 

Bonpoc oOecieyeHuaA ToxKapHOM Oe30lacHocTu 
WM 3allMTbI JIeBoro Oepera peku JIOH OT TOX*KAapoB B 
TlepHO, MOBbILMCHHOM MO%*KAapOOMAaCHOCTH ABIIACTCA 
AKTYAJIBHBIM Ha IIPpOTsKeHHH JVIMTeIBHOrO Mepuosa 
BpeMeHH. FoKeroHO B JIETHHM Nepvoy mpuroposHaa 
30Ha Tr. PocrosBa-Ha-JloHy MosBepraerca eHCTBHIO 
noxKapoB. BarancyieHve MapaMeTpos JIaHWAadTHbIX 
TIO%KAPOB UH, B YACTHOCTH, JIbIMOBOM CTpyH (BBICOTHI 
eé I1OJbeMa UM paciiIpocrpaHeHuA) MO3BOJIMT OL|CHUTB 
peasIbHbIM HaHOCHMBIM yulepO OKpyxxKarolleH cpeye 
WCCIIeqyeMOM TeppHTOpUH, B TOM 4MCIe: Bpes, 30- 
POBbEO JIFOJeH, MpoOXMBAFOWIMX B MOKapoomacHou 
MECTHOCTH UH B OsIM3Ie7KAallUX TOPOax; BOSMOXKHBIe 
MaTepHaJIbHble MOTepH IIpH pacipocTpaHeHuN T0- 
Kapa Ha OoNee MPOAOIDKUTeNIbHbIC PaCCTOAHHA; Ma- 
TepHasIbHble UW (u3H4eCKHe 3aTpaTbI Ha TylIeHHe 
PeryJIApHBIX MoO*KapOB Ha TeppuTOpuU MpUuroposzHOK 
30HbI yYKa3aHHOro ropoysia. 

TepputTopua, BbIOpaHHad JWIt MCCcIeOBaHHA, 
pactouIoxKeHa Ha JIeBOM Oepery peku JIoH, B Heno- 
CpeJICTBeHHOM OjM30CTH K KpyNHbIM ropoyam ba- 
Talick HM Poctros-Ha-JloHy, a TakxkKe MHOTOUNCIICH- 
HbIM IIOCeJIKaM MW XyTOpaM, TIOCeBHBIM TIOJIAM, TWIA- 
*KaM UW 30HaM OTYIbIXa. TakxKe B 3TOM paHOHe IIpo- 
JIOXKCHBI BAXKHIC TNAHCHOPTHBIe pa3sBA3KH 3arlaJ{HO- 
To wu Boctroynoro mocce, Tpacca A—135, yopora, 
CBA3bIBaFoIad ropoy baravick c Tpaccon M4 
«JIOHD»>, *Kee3Had WOpora. 

IIpu uccireqoBpaHuu onacHocTH JaHuWAadTHbIXx 
TO*KAapOB HavOosIee aKTYaJIbHbIM OyseT pacueT Ta- 
KMX TapaMeTposB, KaK IWIOMaytb MoOxKapa, KOHIeH- 
TpauA J[bIMa, MHTCHCMBHOCTh TeIMJIOBbIAeIeHHA U 
JIMHeMHad CKOPOCTb paciiIpocTpaHeHud ropeHHaA. 

OcHOBHBIe WapaMeTpbl WoxKapa, UCcIIestyemMbBIe 
aBTOpaMu: 

- noo#capHaa Haepy3Ka, KOTOpPad IIpeyiCTaBIAeT 
coOoH Maccy BCeX TOpFOuX, TpyHOrOproyHx Be- 





The accumulation of soot particles and other 
combustion products in the lower layers of the 
troposphere leads to a significant decrease in the 
quality of surface air, which has long been stud- 
ied by domestic and foreign experts in the field 
of atmospheric physics. 

Determination of smoke height from land- 
scape fires is fundamental to the calculation of 
transfer parameters of a smoke jet and the fore- 
cast of possible damage from fires. 

The issue of fire safety and protection of the 
left bank of the river Don from fires in the peri- 
od of an increased fire risk is relevant for a long 
period. Every year in summer, the suburban area 
of Rostov-on-Don is exposed to fires. The calcu- 
lation of the parameters of landscape fires and, 
in particular, the smoke jet (the height of its rise 
and spread) will allow us to estimate the real 
damage to the environment of the study area, 
including: harm to the health of people living in 
fire-prone areas and in nearby cities; possible 
material losses in the spread of fire over longer 
distances; material and physical costs of extin- 
guishing regular fires in the suburban area of the 
city. 

The area chosen for the study is located on 
the left bank of the Don, in close proximity to 
the major cities of Bataysk and Rostov-on-Don, 
as well as numerous villages and hamlets, sow- 
ing fields, beaches and recreation areas. Also in 
this area, there are important transport inter- 
changes of the Western and Eastern highways, 
Route A-135, the road connecting the city of Ba- 
taysk with the route M-4 "Don", the railway. 

In the study of landscape fires danger, the 
most relevant parameters will be the calculation 
of such parameters as fire area, smoke concen- 
tration, intensity of heat release and fire linear 


velocity. 
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IeCTB WH MaTepvasIOB WIM KOJIMYeCTBO TeIWIOTHI, 
TIpHuxoyamjevica Ha | a TWIOWayH; 

- Maccoeas CKOpocmb é6bizopaHusA Vi», KOTOpaA 
IIpeICTaBJIAeT COOOM MOTeplO MaCccbI BelIeCTB HU Ma- 
TepHasIOB B CXMHUILY BPCMeHH C eJIMHMIIbI WIA 
TropeHuA; 

- JIUHEUHAA CKOpOcmMb pacnpocmpaHeHus 2ope- 
HUA, WO], KOTOPOH MOHUMAIOT paccTOsHHe, pon- 
JICeHHOe (PPOHTOM TWIaMeHH B eJIMHUITy BPeMeHH 110 
IIOBEPXHOCTH BelllecTBa WIM MaTepuasia; 

- memnepamypa nilamMeHu, KOTOpad pa3yIM4Ha 
Ip TOPCHHU pa3sJIM4HbIX BeIMLeCTB; 

- NO, meumnepamypou nox#capa Ha OMmKpoimou 
niowaoKe Tp 3TOM TMOHMMaloT memnepamypy 
nlaMeHu, 

- UHMEHCUBHOCMb MenOoéeblOeNeHUA, VIM KOJM- 
YeCTBO TeMJIOTHI, BbIJCIIAIOMIeecaA Ha MO*Kape B eU- 
Huy BpeMeHu. VATeHCHBHOCTS TeIJIOBbIeCICHuA 
IIpW TOM 3aBMCHT OT ra3000MeHa, poyla roproyero 
BeIeCTBa HM JIDyrux (PakTOPOB; 

- OblMOOOpaz06aHue Ha noocape, KOTOpoe Tpey- 
CTABJIAeCT COOOM KOIM4ECTBO JIbIMA, BbIIeJLACMOFO CO 
BceH MIOMaqu WoKapa; 

- KOHYeHMpauuA OblMa, KOTOPad ABJIACTCA KOJIM- 
YeCTBOM TBePJIbIX B3BCIICHHbIX 4YacTUI B eMHHIIe 
oO0bema; 

- UHMeHCUBHOCMb 2a3000MeHa, KOTOpasA TIper- 
CTaBJIAeT COOOM pacxo MpuHTOYHOrO BO3Tyxa, M0- 
CTyMarollero B 30HY TOPeHHA 3a CMHMILy BpeMeHH 
Ha es MHUIe MIOWMayM WoOxKapa. 

HanOosee akTyasIbHbIM TlapaMeTpoM, onpeyesisa- 
FOUIMM KOJIM4eECTBO CHI UM CpeyICTB, HEOOXOJMMBIX 
JIA TYIMeCHHA WOKapa, ABIIACTCA NMIOWAOb nNoocapa 
Sn (vw). Pocropckad oOslacTb pacomaraerca Ha 
PaBHHHHOW MeCTHOCTH, a MUCCIIeyeMbIM OObeEKT 
paciosIOX%KeH B HEMOCpeCTBeHHOM OM30CTH K peKe 
Jjon. VUicxoga 43 9TuX (akTOPOB, MOXKHO TPHHATS 
CpeTHerOJJOBY!1O CKOPOCThb BeTpa, PaBHYEO IIPHMepHO 
8-9 m/c. CorslacHoO clipaBOuHOMy MaTepHally, JuU- 
HEUHAA CKOPOCMb Pacnpocmpanenus 20PeHusA CYXOU 
PaCTHTeIbHOCTH TIPU cpeyIHeH CKOPOCTH BeTpa, paB- 
HOH 8—9 m/c, ocTuraeT V ,=42 m/c. 


J|a ompeyeseHua MapaMeTpoB WoxKapa mpes- 
TIOJIOKUM, 4TO MWOKAPHble MOApa3saeyIeHuA CMO- 
ryT WOOpatpca K wUcCciIeqyemMoMy paloHy 3a 8 
MUHYT. IIpuHaTo cuuTaTb, 4TO 3a MepBpre 10 mu- 





The main parameters of a fire studied by the 
authors: 

- fire load, which is the mass of all combus- 
tible, hardly combustible substances and materi- 
als or the amount of heat per | m’ area: 

- mass burnout rate V,,, which is the loss of 
mass of substances and materials per unit time 
per unit of fire base area; 

- linear velocity of fire propagation, which 1s 
understood as the distance traveled by the flame 
front per unit time on the surface of a substance 
or material; 

- flame temperature, which is different when 
burning different substances; 

- fire temperature 1s understood as the tem- 
perature of fire in an open area; 

- intensity of heat, or the amount of heat re- 
leased in a fire per unit time. The intensity of 
heat release in this case depends on the gas ex- 
change, the kind of combustible substance and 
other factors; 

- smoke formation in a fire, which is the 
amount of smoke emitted from the entire area of 
a fire; 

- concentration of smoke, which is _ the 
amount of suspended solids per unit volume; 

- intensity of gas exchange, which 1s the flow 
of fresh air entering the combustion zone per 
unit time per unit area of fire. 

The most relevant parameter that determines 
the amount of forces and means necessary to 
extinguish the fire is the fire area Sn ( m ). The 
Rostov region is located on a flat area, and the 
object is located in close proximity to the Don 
river. Based on these factors, you can take the 
average annual wind speed of approximately 8-9 
m/s. According to the reference material, the lin- 
ear speed of fire propagation of dry vegetation, 
with an average wind speed equal to 8-9 m/s, 
reaches V ,=42 m/s. 


To determine the parameters of a fire, we as- 
sume that the fire-fighting units will be able to 
get to the area in 8 minutes. It 1s believed that in 
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HYT I1OKap pa3sBuBaeTcaA B 2 pa3a MeJWICHHee, YEM 
3a Wocieyyrollee BpeMsa (OobIIe 10 MUHyT), 10- 
OSTOMY: 

I) npu t<l0 mun. R, (I)=0,5 x V, Xt; 

2) npu t>10 mun. R, (D=5 xV, + V, xt’, 

2de t’=t-10. 

OnpeyesaemM WapaMeTpbI Noxapa Ha 8-H Mu- 
HyTe: 

Paouyc noxcapa: 

R,’ “"=0,5x V, xt=0,5x42x480=10 m. 

Ilooxwkap Ha OTKPbITOH MeCTHOCTH, B TOM 4UcIIe 
NaHwWwWaPTHEM Woxap, OyeT UMeTb POpMy Kpy- 
2a, TaK KaK OObIMHO HHYeM He OFpaHuyeH, Ju00 
MOXKeT ObBITb 9JIIMMCOOOpa3sHO BBITAHYT 0 
HalipaBJIeHHI0 BeTpa. 

IIiowadb noxcapa: 

Sno" = 1/4 xMXR’ = 1/43, 141 0° =78,5 

Ilepumemp noxcapa: 

Pos 1/4. x2 xxR+2R= 
1/42 x3, 14x104+2x10=59 m 
@Mponm noocapa: 
Do = 1/42. xtxR= 1/42 x3, 14x10=15,7 M 


3aksro4enne. M3 mpuBeyeHHoro pacueta BUII- 
HO, 4TO TOpeHHe CyXOM paCTHTebHOCTU aKe B 
YCHOBHAX HeOOJIbINOFO BeTpa IpOUCXOAMT BeCbMa 
ObICTPO, 1axKe CTPCMUTeJIbHO. Ko BpeMeHH IIpHOsI- 
THA MepBbIX MOKApHbIX OTACICHHM WIOMab m0- 
Kapa MOXKeT JOCTHTHYTb yxKe TopayKa 100 M’, 
CTPCMUTCJIbHO pa3sBUBaACb, 4YTO, OYCBUHO, OyeT 
3aTPYIHATh JIMKBU auto NoxKapa. IlpuBeyeHHEmM 
IIpuMep pacueta Wola WoKapa pu cpesHHux 
ero XapaKTepHcTuKax OOOCHOBbIBaeT HeOOXOH- 
MOCTb jlaJIbHeMIIMxX UCCeOBaHHH MapaMeTpoB 
TO%KAapOB WA 9:pdeKTHBHOM OopbOsI C HAMM. 

TakuM 00pa30M, aKTYaJIbHOCTb W3y4eHuA Mapa- 
METPOB I1O%KapOB IIPHrOpOAHbIX 30H TOPOAOB JIMA 
BbIPAOOTKU IPMeKTHBHBIX Mep OopBObI C HUM 
oOecteyeHHA WO*KAapHON Oe3zonmacHocTu OecciopHa 
MW MMEEeT BIIOJIHe OUCBHHBIe TepCieKTHBBI. 


bu0snorpaduyeckui CiucoK 
1. ['uypometTeoposoruyeckue pucku / 
JI. H. Kapnuun [u gp.|. — Canxt-IlerepOypr : 


PITMY, 2008. — 282 c. 
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the first 10 minutes the fire develops 2 times 
slower than in the subsequent time (more than 
10 minutes), so: 

1) at t<10 min. R, (l)=0,5 x V, xt; 

2) at t>10 min. R, (=5 x V, + V, Xt’, 

wheree t’=t-10. 

We determine the parameters of a fire on the 
8th minute: 

Radius of a fire: 

R, ™"=0.5 Vx t=0.542480=10 m. 

A fire in open areas, including landscaped fire, 
will have the shape of a circle, as usually there is 
no limit, or either it may be ellipsoid-shaped in 
the direction of the wind. 

The area of a fire: 

Sno" = 1/4 xnxR?=1/4x3.14x10° =78.5 mm? 

A fire perimeter: 

Py?" =1/4x2xnxR+2R= 
1/4x2.x3.14x104+2x10=59 m 
The front of a fire: 
D2" = 1/42 xtxR=1/4.X2 x3. 14x10=15.7 m 


Conclusion. From the calculation above, it 
can be seen that the burning of dry vegetation, 
even in a small wind is very fast, even rapid. By 
the time of arrival of the first fire-fighting unit, 
the area of a fire can reach the size of about 100 
m’, rapidly evolving, which obviously would 
impede the liquidation of a fire. The example of 
calculating the area of a fire with its average 
characteristics justifies the need for further stud- 
ies of the parameters of fires to fight them effec- 
tively. 

Thus, the relevance of studying the parameters 
of fires in suburban areas of cities to develop 
effective measures to fight them and ensure fire 


safety 1s undeniable and has obvious prospects. 
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B Hactosiee BpeMaA 9KONOrM4eCKad OOCTaHOBKa 


TOposCKOH cpebl CMOcOOHa OKa3bIBaTb BIIMAHHEe 
Kak Ha 3J/0pOBbe 4esIOBeKa, TAK MU Ha COMMAaIbHbIM 
KOM@opT HacejleHua. JJanHad paOoTa nocBaljeHa 
TOWCKy HyTeH OOecneyeHHA B9KOMOTUYeECKON 6e3- 
omacHocTuH ropoos. Jia yry4umieHua sKONOrNYe- 
CKOM OOCTaHOBKH aBTOpaMu [IpeI0%KeH IYTb 
(DOPMUpOBaHHA SKOJOFM4eCKOrO Kapkaca ropoa. 
PaccMOTpeHbI MPWHIMIbI (POPMUpOBaHHA 3KOJIO- 
ruyecku Oe30MacHOn cpebI ropona. ITpennoxena 
JIOTMKO-BepOATHOCTHAA MOJeIb JIA ONCHKU 3KO- 
NOrMYeCcKON Ge30MaCHOCTH FOpOOB. 


Ku1r04eBble CJIOBa: SKOJIOrM4YeCKHH KapKac, 9KO- 
noruyeckasd Oe30MacHOCTh, pa3BUTHe FOpOOB 


Bpejzenne. B ycslopuax KpynHoro ropoya Bo- 
IIpocbl OOecieueHHA ZKOUOrMYeCKOH Oe30MacHo- 
CTH lpuvoOpetTaroT MepBOCTeIeHHYIO Ba2%KHOCTb 
Hapsayty C COUMabHbIM KOM@OpTOM HaceJleHua. 
Hesyumanue K 3THM TpoOsIemaM CO3jlaeT HeroJI- 
HOIMCHHY!O UM YIepOHyt0o, MpeCTaBIAIOLLyrO Omac- 
HOCTb ropoycKyro cpezy. Takai oOcTaHoBKa cHo- 
COOHA OKa3bIBaTb HeOUarOMpuHATHOe BO3HeMCTBHe 
He TOJIbKO Ha 320POBbe 4esIOBeKa, HO HW Ha ero 
YPOBeHb 2%KH3HU B WelIOM. Ilostomy Bompoc dop- 
MUpPOBaHHA OLWeCHKH U TyTeH OOecIIeYeHHA IKOIO- 
THYeCKONH Oe30MaCHOCTH TOPOOB ABIIACTCA AKTY- 
aJIbHbIM HU TpeOyeT Ooee NOAPOOHOTO H3y4eHHA. 

QIKOMOIMMeCKHH KapkKac Kak ITyTb oOectie- 
YeHHA IKOMOTH4eCKON Oe30TacCHOCTH FOPOOB. 
BaxKHOM COCTaBIIAFOIIeH KOHICNWMH yCTOHUUBOTO 
pa3BUTUA TOPOAOB ABIIAeTCA (OPMUPOBaHHe B HUX 
ONarolnpuATHOH 9KOOTUYeCKOM OOcTaHOBKH. B 
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Currently, the environmental situation of urban 
environment can have an impact on human 
health and social comfort of population. This 
paper is devoted to the search for ways to en- 
sure the environmental safety of cities. To 1m- 
prove the ecological situation, the authors pro- 
pose the way to form the ecological framework 
of the city. The principles of formation of envi- 
ronmentally safe situation are considered. A 
logical-probabilistic model is proposed for as- 
sessing the environmental safety of cities. 
Keywords: ecological framework, environmen- 
tal safety, urban development 

Introduction. In large cities, the issues of 
environmental safety are of paramount i1m- 
portance along with the social comfort of the 
population. Inattention to these problems cre- 
ates an inadequate and flawed, dangerous urban 
environment. Such an environment can have an 
adverse impact not only on human health, but 
also on the standard of living in general. There- 
fore, the issue of assessment formation and the 
ways to ensure environmental safety of cities 
are relevant and require study that is more de- 
tailed. 

Ecological framework as a way to ensure 
environmental safety of cities. An important 


component of the concept of sustainable urban 
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TOPOJCKOM ToOceIeHHH Ha IpHpOHbIM Kapkac 
(JIec, WOOepexkbe, XOJIMBI HU T. J.) OKa3bIBaeT Hera- 
THBHOe BO3JIEHCTBHe AHTPONOreHHbIM KapkKac (HH- 
HYCTpWasbHble, padouve WU  KUIbIC pavOHbl, 
TpaHClopTHble MarucTpalM U aBToyoporn). B pe- 
3yJIbTaTe TOABIACTCH OMACHOCTbh pa3pylIeHHA 
9koOrMYeCcKOrO OallaHca B CBA3M Cc moOTeper 
(DYHKIMOHAJIBHBIX CHOCOOHOCTeH NpupoyHOoro 
KapKaca. 

YMeCHBbIIMTbh TEXHOreHHOe BO3JICHCTBHeE Ha CoO- 
CTOAHHe TIpHpowHOrO Kapkaca UM CO3aTb OasaHc 
M@XKJLY AHTPOMOreHHbIMH VU TPHpOAHbIMU BIIMAHH- 
AMH TOMO%XKeT QOpMupOBaHHe IXKOJIOrM4eCKOrO 
KapKaca ropoyla, 4TO, B CBOIO OYepesib, OyeT CrIIo- 
COOCTBOBaTb YCTOMYMBOMY pa3BHTHIO Uccyeye- 
MBIX FOPOOB. 

QKONOrMYeCKHH Kapkac ropoya paccmaTpuBa- 
eTCH aBTOPaMU Kak TeppUTOpHasIbHad CUCTeMa, B 
COCTaB KOTOPOM BXOJIAT «9JIEMCHTbI KYJIbTYPHOTO 
NaHwuadta» pa3siu4Horo ypoBHsa. Take 3J1IeMeH- 
TbI XAPAKTEPH3YFOTCA THMOM (apK, JIecomapK, ro- 
pOJICKOM U MpuropoyHsIH Jec, yr), pas3MepoM (OT 
CMHWYHBIX IK3CMIVIAPOB PaCTHTeJIbHOCTH Ha Fo- 
posckow TeppuTopuu JO KpyIHbIxX IpylIIOBbIx 
CKONJICHHH Ha IpHroposHOK TeppuTopuu), PyHK- 
IMOH@JIbHBIMM XapakKTepHCTUuKaMU (peKpeallHoH- 
HBIe, WH)KeCHEPHO-3allMTHBIe, CaHuTapHo- 
3alllMTHbIe, O3CJICHHTCJIBHbIe). «IJIICMCHTHI KYJIb- 
TYPHOrO anata» B MpOcTpaHcTBe lpeycTaB- 
NIAKOT CJMHYIO “OKMBYIO>> CeTb 3 «Aep» (apeasib- 
Hble OJIOKH IKOJIOIMYeCKOTO KapKaca) HU «KOPHO- 
poB» (JIMHeEMHbIe OJOKM IKONOPMYeCKOLO KapkKaca). 
TakuM o0pa30M, 9KOIOrM4YeCKHH Kapkac (OpMu- 
pyeTca WeseHanpaBsICHHO JIA YIY4WIeHHA 9KOIIO- 
ruyeckoH oOOcTaHOBKH Ha ypO0aHH3HpOBaHHbIXx 
TeppUTOpuAX. 

CTpyKTypa 9kKoJlormueckoro KapkKaca. Ku110- 


YeBbIMH TCPPHTOPHAMU ABIIAIOTCA «Apa» 
yu4acTKH, MMerOIIMe CaMOCTOATCIIbHYHO IIpupojo- 
OXpaHHy!lO I[CHHOCTb. JTO OCOOO OxpaHsAeMBIe 
IIpPHpoHble TeppuTopuu, WpuMepaMu KOTOPbIX 
ABIAIOTCA TIPMpOHbIe UW HallMOHAJIbHbIe WapKuH, 
WeHapouoruyueckve WapkKu, OoTaHuueckHe CcaJBl, 
TOCYJapCTBeHHble IIPHpOHble 3aMOBeTHUKU U 3a- 
Ka3HHKUH HT. J. 


TpaH3HTHble TeppUTOPHU WpesCTaBJICHbI «KO- 
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development is the formation of a favorable en- 
The 


framework (industrial, working and residential 


vironmental _ situation. anthropogenic 
areas and highways) negatively affects natural 
framework in an urban settlement, (forest, coast, 
hills, etc.) As a result, there 1s a danger of eco- 
logical balance destruction due to the loss of 
functional abilities of the natural framework. 

The formation of the ecological framework 
of the city, which, in turn, will contribute to the 
sustainable development of the studied cities, 
will help to reduce the anthropogenic impact on 
the natural framework state and to create a bal- 
ance between anthropogenic and natural influ- 
ences. 

The authors consider the ecological frame- 
work of the city as a territorial system, which 
includes "elements of the cultural landscape" of 
different levels. Such elements are characterized 
by types (park, forest park, urban and suburban 
forest, meadow), sizes (from occasional vegeta- 
tion in the urban area to large group clusters in 
the suburban area), functional characteristics 
(recreational, engineering, sanitary protection, 
landscaping). "Elements of the cultural land- 
scape" represent a single "living" network of 
"cores" (areal blocks of the ecological frame- 
work) and "corridors" (linear blocks of the eco- 
Thus, 


framework is formed purposefully to improve 


logical framework). the ecological 
the environmental situation in urban areas. 

The structure of the ecological frame- 
work. The key areas are "cores" - areas with 
independent environmental value. These are 
specially protected natural areas, examples of 
which are natural and national parks, dendrolog- 
ical parks, botanical gardens, state nature re- 
serves and wildlife sanctuaries, etc. 


Transit areas are represented by "corridors" - 
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pujzopamMy» — yuyacTKaMu, oOecle4dnBarolluMu 
CyII[eCTBOBaHHe “OKOJIOrM4UeCCKHX CBA3CH>» cCpeqH 
KJIFOUeCBbIX TeppHTOpHH. Kpome Toro, TpaH3HTHBIe 
TeppHTOpHu MOryT IipescTaBATb OOMIMpHEIe 
yuacTKH Janata, CyljeCTBOBaHHe KOTOPBIX He 
IIpelATCTBye€T BO3HHKHOBCHHIO «3IKOJIOTMYCCKHX 
CBA3eM>, KOTOPbIe Ha3bIBalOTCA «CBASYIOINIMM 
naHnuadT»>. Harmpumep, JIMHeMHbIe 93JICEMeCHTHI 
NaHuadta (IpHuMopcKue TeppHTOpHH, OJIMHbI 
peK MU T.1.), KOTOpble Ha3bIBaFOTCA «OKOOrM4e- 
CKHMMHM KOpuyopamMh>>. MHorga Mex Ty KIIOUeCBbIMH 
TeppHTOPHAMUH ZKOTOrMYeCKHe CBA3H OOecrIe4dH- 
BalOT «(parMeHTHpOBaHHble TpaH3UTHbIe Teppu- 
TOpuu»> — rpynlibl TONOrpamuyecku pa3esIeHHbIx 
yuacTKOB. 

Bydepubie TeppuTopun (OxpaHHble 30HbI) AB- 
NAFOTCA 3allIMTOM KJIKOUCBbIX HM TpaH3HTHBIX Tep- 
PUTOpUuM OT BO3TeCHCTBHA BHeIHUX HeOsIaronpu- 
ATHBIX (akTopos. IIpumMep cTpyKTypbI dKOOrNYe- 
CKorO Kapkaca r. TaraHpora mpejicTaByIeH Ha 


puc. |. 





areas that ensure the existence of "environmen- 
tal links" among the key areas. In addition, 
transit areas can represent vast areas of land- 
scape, the existence of which does not prevent 
the emergence of "ecological relationships", 
which are called "connecting landscapes". The 
examples may be linear landscape elements 
(coastal areas, river valleys, etc.), which are 
called "ecological corridors". Sometimes "frag- 
mented transit areas" — groups of topograph- 
ically separated areas provide ecological rela- 
tionships between key areas. 

Buffer areas (protected areas) are the protec- 
tion of key and transit areas from the impact of 
external adverse factors. Fig. 1 shows an exam- 
ple of ecological framework structure of Tagan- 


rog. 


Eeeceeecoit” Mera 


Coseeondt”. “Lieerpamenai” 


Puc. 1. Kaprar. Taranpora. CrpykTypa 9KoJIOrM4ecKOoro Kapkaca 


Fig. 1. Map of Taganrog ecological framework structure 
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HipnHunnbt POpMupOBAHHA IKOJIOIN4eCKH 
Oe30NacHOH cpeqbr ropoqa. PopmupoBaHue 
9KOJIOIMY4eCKH Oe30NacHOH cpeybI Topoya CTpo- 
MTCA Ha Ce TYIOUIMX MpHHIMMax: 

e ymopaqoueHve UW ONTHMM3allMA MWaHupo- 
BOUHOTO KapKaca —— MOBBbIMIeHHe ypOBHA J10- 
CTYMHOCTH UM CBA3HOCTH 3JIEMEHTOB TOPOCKOM 
Cpebl, COBepIIeHCTBOBaHHe CHCTeEMbI CTpOH- 
TeEJIBCTBA HW IKCIIIyaTallMW MHKeHEPHBIX U MpoH3- 
BOJICTBCHHBIX WHpactpyKTyp, pa3padoTKa u 
BBO] B DKCIUIYaTallM1O OOBCKTOB IKOJIOFMYeECKOFO 
MOHUTOPHHTa Hal, AHTPOMOreHHOU Halrpy3KOUu; 

e IIpoBeyeHve MpHpOAOOXpaHHbIx Meporpusa- 
THH — peKYJIbTHBallMA HAapyUICHHbIX 3CMEIIb, 
OxpaHa (OpbI HU PayHbl MPHrOpOHbIX TeppuTO- 
pu, KOHTpOJIb BO3HUKHOBeHHA HeOarolmpuAT- 
HbIX IIPHPOHBIX ABJICHHM Ha 9Tale MpoeKTUpo- 
BaHHA UW CTPOUTeJIbCTBA OOBEKTOB pa3IM4HOrO 
YPOBHA; 

® yBeIM4eHHe KavecTBa OObECKTOB CTPOUTEIIb- 
CTBa MW ipoBeyeHua paOoT no OaroycTpoucTBy 
TIpuslerarolux UW MYHUMUMMAIbHbIX TePpUTOPHH. 

OweHKa IKOIOrM4eCKOH Oe30MacHOCcTH To- 
pojzos. IlpumMeHeHve KOMIIIeKCHOrO mMozxoa 
IIpH pa3padoTKe UH MOCTpoeHUuH («ONTHMU3AaIIHU)») 
9KOJOrM4ecKOrO KapKaca Ha FOPpOACKON TeppuTo- 
puu OCHOBaHO Ha MpoBeyeHHuu MOCIeqOBAaTeIIb- 
HOW OLCHKU CYIIeCTBYFOIMeH OOCTaHOBKH B ropo- 
je C YUCTOM OCHOBHBIX TapaMeTpoOB JIA KaxKON 
TIOJICHCTEMBI, HallpHMep, COCTaBJIeEHHe «IIpOrHo3a 
pa3BUTHA peasIbHO CYIIeCTBYIOINeH 9 XKONOTO- 
TpaylOCTpOUTebHOUM OOCTaHOBKHM», a TakxKe (op- 
MMpOBaHHe IIpe/IOX%KeHHUN 10 MpOBeJTeHHFO IIpu- 
PONO0OxXpaHHBIX MepOlpHATHM IA CHMKeHHA 
YPOBHA HeraTHBHOLO BO3JEHCTBUA, ITyTeM TIpoBe- 
CHUA PCKOHCTPyKUMU IKOUOrM4eCKH HeOsaro- 
IIPHATHBIX TOPOACKHX TeppuTOpUH. 

K 3Ha4uMMbIM (akTOpaM (OLLCHHBaeMbIM Tapa- 
MeTpaM) MOXKHO OTHECTH BIIMAHHe padoTHI OOb- 
CKTOB IIPOMBILNICHHOCTH, 9IKCIJIyaTallMu TpaHc- 
TOPTHBIX CPeACTB pa3HbIX BHOB (xKeue3HOO- 
PO#KHOFO, aBMalMOHHOrO HU aBTOTpaHcHoptTa), Cco- 
CTOAHHA 3arpax3HCHHOCTH aTMOC(epHoro BO3Ay- 
Xa, YPOBHA 9IJICKTPOMarHHTHOrO BO3eMCTBHA, 
MU XO3AMCTBCHHO- 


COpocoB MPpOMBIILIJICHHbIxX 


OLITOBbIX OOBEKTOB. 
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The principles of formation of ecologically 
safe environment of the city. The formation of 
ecologically safe environment of the city is 
based on the following principles: 

e streamlining and optimization of the plan- 
ning framework - increasing the level of acces- 
sibility and connectivity of elements of the ur- 
ban environment, improving construction sys- 
tem and operation of engineering and industrial 
infrastructures, development and putting into 
operation of environmental monitoring facilities 
over anthropogenic load; 

e carrying out environmental measures — 
recultivation of disturbed lands, protection of 
flora and fauna of suburban areas, control of oc- 
currence of adverse natural phenomena at the 
stage of design and construction of objects of 
different levels; 

e increasing the quality of construction 
works on the adjacent municipal areas. 

The assessment of environmental safety of 
cities. The use of an integrated approach in the 
development and construction ("optimization") 
of the ecological framework in the urban area is 
based on a consistent assessment of the existing 
situation in the city, taking into account the 
basic parameters for each subsystem. The exam- 
ples may be the preparation of "the forecast of 
the development of the existing ecological and 
urban environment”, as well as the formation of 
proposals for environmental measures to reduce 
the level of negative impact, through the recon- 
struction of environmentally unfavorable urban 
areas. 

The significant factors (estimated parame- 
ters) include the impact of industrial facilities, 
operation of vehicles of different types (rail, air 
and road), the state of air pollution, the level of 


electromagnetic influence, discharges of indus- 
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Bonpocbr mWpopeyeHua OeCHKH COCTOAHHA 
OKpyKalollew Cpebl U3y4aIMCb OTeC4CCTBEHHBI- 
MH [1—5] u 3apyOexKHbIMH UccesOBaTeAMHU [6— 
9]. B pamkax TIpoOBOJMMbIX HCCIeEOBaHuN TIpu- 
MeHAJIMCh TaKHe MeTOJIbI, KaK CTIPYKTYpHO- 
wepapxuyeckoe IIPOCTpaHCTBeEHHO-BpeMeHHOoe 
MOJIeJIMpoBaHuve OmeHKU pucKa [1], Teopua 4yB- 
CTBUTeIbHOcTH [2], MeTO OpTOrOHabHOHW Je- 
KOMIIO3HUMM KIIMMaTH4eCKHX JIaHHbIx [2], MaTe- 
MaTHyecKoe MOeMpoBaHHe [3], Teopua HeyeT- 
KOH JOruKH [3], MeTOoqMKa OllpeyeseHuA «“HHeK- 
Ca 9KOIOrMYeCKOrO pucKka XakaHcoHa» [6], «BBI- 
4MCIIMTeCJIbHbIe MMUTAWMOHHbBIe Mosel» [7], 
«HeYeTKHM CTOXaCTHYeCKHH WoAKo» [8], «aHa- 
M3 WMepapxuu W TeOpHuuw HeYeTKUX MHOXKECTB»> 
[9]. 

Ilo utoram aHasIM3a JIMTepaTypHbIX HCTOUHU- 
KOB B KayeCTBe OCHOBHOrO MeTOa MpoBeyeHuA 
OI€HKH COCTOAHHA OKpy2Karollen CpeyIbI B HACTO- 
aljeHd padoTe BIepBble MpHMeHeH JIOrMKO- 
BeEPOATHOCTHBIN TOAXO, MO3BONAIOIeH MpoBo- 
JMTb KOJIMYCCTBEHHY!IO OLeCHKY BO3eHCTBHA 
HeraTUBHBbIX (PaKTOPOB U OLleHKy IPdeKTHBHOCTU 
IIPOBeCHUA IIpHpOAOOXpaHHbIxX MeporlpuaTuH. 

ABTopamMu pa3padoTaHa JIOTHKO- 
BeCPOATHOCTHAA MOJIeJIb OLCHKM YPOBHA IKOJIO‘N- 
yecKOH Oe30MacHOCcTH ropoa, oOmlee KouMUe- 
CTBO 93JIEMCHTOB KOTOpOH cocTaBYIo 1355, u3 
Hux 885 ob03HauaIOT (aKTOPbl, OKa3bIBarOlMe 
BJIMAHMe Ha Take IOJCHCTeMbI Kak aTMOC(ep- 
HbIM BO3SHYX, UPMpOHbIe BOJHbIC OOBEKTHI (I0- 
BePXHOCTHbIe HW WOJ3eMHbIe), HCTOUHHKY MHTbe- 
BOHM BOJbI, MOUBCHHBEIM MOKPOB, WIyYMOBad UW paHu- 
almoHHad OOcTaHoBKa. Ha puc. 2 mpeycTaBieH 
HeOOJbWUIOH dparMeHT JIOrMKO-BepOATHOCTHOM 
MOJIeIH BO3CHCTBUA pa3IM4YHbIX (aKTOPOB Ha 
COCTOAHHe ATMOCHEpHOroO BOByxa. 

J\uIt TIpoBeyqeHuaA OLeCHKH BePOATHOCTH BO3- 
JeHCTBUA KaxKOrO paccMaTpHBaemoro (bakTopa 
COCTaBJIeHa IIKasla OIGHOK, OCHOBaHHas Ha JIMHT- 
BUCTHYCCKHX 3HAaYeHHAX WapaMeTpos pucka. Ilo- 
CTpoeHa KOMIIbIOTepHad MOJICJIb OL[CHKH YPpOBHA 
9KOJIOFMYeCKOM Oe30NacHOCcTH B IIporpamMMHOM 
komiuiekce «“APbBUTP». CcdopmuposaHa MeToH- 
Ka KOMIMICKCHOH OLLCHKH YpOBHA IKOOTMUeCKOU 


Oe30TacHOCTH IIPOMbBINICHHOrO POPOa, MO3BO- 
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trial and household facilities. 

The issues of environmental assessment have 
been studied by domestic [1-5] and foreign re- 
searchers [6-9]. In the framework of the studies 
were used such techniques as _ structural- 
hierarchical spatial-temporal modeling of risk 
assessment [1], sensitivity theory [2], the meth- 
od of orthogonal decomposition of climatic data 
[2], mathematical modeling [3], fuzzy logic [3], 
the method of determining the "Hakanson’s po- 
tential ecological hazards index" [6], “computer 
simulation models" [7], "fuzzy stochastic ap- 
proach" [8], "analysis of hierarchy and the theo- 
ry of fuzzy sets" [9]. 

Based on the results of the literature sources 
analysis a logical-probabilistic approach that 
allows quantifying the impact of negative factors 
and assessing the effectiveness of environmental 
measures was applied for the first time in this 
paper as the main method for assessing the state 
of the environment. 

The authors have developed a_logical- 
probabilistic model for assessing the level of 
environmental safety of the city, the total num- 
ber of elements of which amounted to 1355, 885 
of which denote the factors that affect such sub- 
Systems as atmospheric air, natural water bodies 
(surface and underground), drinking water 
sources, soil cover, noise and radiation condi- 
tions. Fig. 2 shows a small fragment of the logi- 
cal-probabilistic model of various factors impact 
on the state of atmospheric air. 

To assess the probability of impact of each 
factor under consideration, a scale of assess- 
ments based on the linguistic values of risk pa- 
rameters is compiled. A computer model for as- 
sessing the level of environmental safety in the 
software application "ARBITR" was built. The 


method of complex assessment of the level of 
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NAFOIUad PACCUMTHIBATh CYIECTBYHOWIMH YPpOBCHb ecological safety of an industrial city, allowing 


SKOMOPMYCCKOH Oe30NaCHOCTH TOpodOB HM Tpo- to calculate the existing level of ecological safe- 
THO3HPOBaTb 3(=)(PeCKTHBHOCTbh 93KOJOIM4eCKOrO 


ty of cities and to predict efficiency of ecologi- 


a3BHTHA Ha erO TEPPHTOPHH. a 
P PPHrOP cal development in its territory, is formed. 









































































































































































































































































































































































































































Bo3neuctTBue 
Ha 
ATMOCMepHbIN 
BO3yx 
VicTOYHUKU VicTOYHUKu 
CaMOOUNLLIEHNA 3arpA3HEHUA 
(, 
a, EcTeCcTBeHHOoro 4. 
Pa36OaBneune u npovucxoxK Denna 
ceAumMeHTalnar 
AHTponoreHHoro 
ereible ie apaceac ce 
VU3zBpneyeHue noKapbl 
3@NeHbIMU 
BbiIHOC BeLIeCTB 
HacaoxKOeHunAMu Tlecupie LLY 
C NOBepxHocTu a 
noKapbl : 
Mopeu VU OKeaHOB 
VU3zBneyeHue 
ATMOCQepHbIMU Mbinbupie TpaHcnopTHbie 
ocagkamn 6ypu Kocmuyeckue UCTOUHNKM 
BeLLIECTBa BO3O.eucTBUA 
Mbinbua 
pacTeHUun (+) 
OxcnnyatTauna Mopckon 
mMopckoro TpaHCnopt 
Pe Kum pabotpi P P P 
TpaHcnopta, 
mopckoro nopTa 
Hanuune 
MOpcKoro BOK3ana 4 VicTouHiKn 
3arpA3HeEHUA , 
Bo3HUKHOBeHiNe 
PacctTonHue 40 
aBapuu Ha 
HaCceneHHoro 
nyHKTa MOPEKOM Mepbpi NO OXPpaHe 
TPahenORtS aTmMocdbepHoro 
Bo3gyxa 
[py30060poT . 
PY P Mopckon nopt 
mopckoro nopTa 
Mopckon nopt 
CTeneHb OYNCTKUV 
BbIOpOCoB 
E CaHuTapHo- 
CoBepLUeHCTBOBa CaHuTapHo- 3€ALUUTHbIe 3OHbI 
Hue 3ALLUVTHbIe 30HbI Ha TepputTopun 
TexHonormyeckoro CTEnonn Mopckoro BOK3ana 
peeved o3eneHeHua C33 
o6opyfoBaHna 




















Puc. 2. DparMeHT JIOPMKO-BepOATHOCTHOM MOE 





Distance to 
the village 


of the sea port 








Fig. 2. The fragment of the logical-probabilistic model 


3aku14eHne. ABTOPaMH Oba WpesoxeHa 
JIOIMKO-BepOATHOCTHAA MOJIelIb JIA OLCHKU 9KO- 
NOrMuecKON Oe30NacHOCTH YTOpoyOB, KOTOpaA 
HlO3BOJIACT PAaCCUMTbIBATh 3IP(PeKTMBHOCTH TIpo- 
BOJMMBIX TIpWpoOoxpaHHbIx MeporpuaTuH. Ilo- 
CTpoeHHve HU pa3BHTHe SJKOJIOIMYeCCKUX KapKacoB 
— 93TO IYTb yiIy4IeHuaA IKONOTuUYeCKON OOcTAa- 
HOBKH B ropoyax HW CyleCTBeHHOrO CHV KeHHA 
PHCKOB JIA 300POBbA HacesIeHHA. 


eee UAT ps// DDS 


Conclusions. The authors have proposed a 
logical-probabilistic model for assessing the en- 
vironmental safety of cities, which allows calcu- 
lating the effectiveness of environmental 
measures. Building and developing ecological 
frameworks is a way to improve the environmen- 
tal situation in cities and significantly reduce 


risks to public health. 
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